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COMPUTER PROGRAM
FOR ANALYSIS OF IMPERFECTION SENSITIVITY
OF RING-STIFFENED SHELLS OF REVOLUTION

By Gerald A. Cohen
Structures Research Associates, Newport Beach, California

SUMMARY

A FORTRAN 1V digital computer program has been developed for the
initial postbuckling and imperfection sensitivity analysis of unique
bifurcation buckling modes of ring-stiffened orthotropic multilayered
shells of revolution. The.analysis for the second-order contribution
to the buckled state is based on Novozhilov-type nonlinear moderate
rotation shell and ring theory. In general, the second-order state
consists of an axisymmetric component and an unsymmetric harmonic
component, each of which are obtained by the forward integration method
using the Runge—-Kutta numerical technique. The imperfection analysis is
based on a mean square angular imperfection measure, which includes imper-
fections of both shell and rings. Based on this measure, the imperfection
which produces the greatest reduction in buckling load (for sufficiently
small imperfections) and an imperfection proportional to the buckling
mode shape are treated. From the results of the analysis, one can
determine, for small values of the imperfection measure, the expected
buckling load knockdown. In addition, the initial postbuckling stiffness
of the perfect structure is obtained.

The computer program requires as input, prebuckling and buckling
mode data, The prebuckling data consists of both a nonlinear state and
a linear perturbation state about it. If a null nonlinear state is
input, the results will be based simply on the linear prebuckling state.
Only axisymmetric torsionless prebuckling states of axisymmetric
structures are treated. Up to five orthotropic shell wall layers and
thirty-four isotropic rings (including two edge rings) are treated.

The effects of stringers (circumferentially smeared out), idealized
elastic foundations, and live pressure fields are also treated.

INTRODUCTION

In the recent past, a fruitful area for research in shell buckling
problems has been the application to specific shell geometries of the
initial postbuckling and imperfection sensitivity theory, originally



developed by Koiter (References 1 and 2) and further expounded by Budiansky
and Hutchinson (References 3 and 4), Typical examples of such studies are
afforded by References 5, 6, and 7, in which membrane prebuckling states and
Donnell-type shell thories are used to study toroidal, cylindrical, and sphe-
roidal shells, 1In References 8, 9, and 10 spherical shells and stiffened
cylindrical shells are studied using nonlinear shallow shell theories. In
each case recourse had to be made to the digital computer to obtain numerical
results. In order to avoid a new programming effort each time a new problem
is encountered, it is desirable to have a general program which can treat

a whole class of technically important problems,

The general program presented here is based on a specialization of the
general theory of References 1l and 12 to axisymmetric ring-stiffened shell
structures under axisymmetric torsionless loads. In this specialization,
the more complete Novozhilov-type nonlinear shell theory is used, In further
contrast to previous studies, which assume an imperfection proportional to
the buckling mode shape, the mean square value of angular deviations of both
shell and rings is used as a measure of imperfections of arbitrary shape.

The program gives results for the maximum possible buckling load reduction
for an arbitrary imperfection as well as the buckling load reduction for an
imperfection proportional to the buckling mode, Although the analysis is
valid only for unique mode bifurcation buckling, this does not seriously
limit the usefulness of the program, since simultaneous buckling modes are

an unlikely occurrence for practical structures when real boundary conditions
and nonlinear prebuckling states are considered.

The main body of this report presents the analytical formulation of
the imperfect and perfect structure analysis, and the solution of several
sample problems used to check out the program. In the appendices, more
detailed information relating to the computer program .is presented,
Appendix A derives the boundary conditions used for dome closures, In
Appendix B, the postbuckling and imperfection functionals, which are pre-
sented in generalized notation in References 1l and 12, are reduced to
quadratures to be evaluated by Simpson's rule, Appendix C consists of a
user's manual, including input and output listings for a sample problem.
Appendix D consists of an overall logical flow chart of the program, brief
descriptions of contractor-supplied subprograms, a glossary of the most
important FORTRAN variables, and a source program listing.

SYMBOLS

A shell surface area; also ring or stringer
cross-sectional area

a ring centroidal radius; also first postbuckling
coefficient; also meridional radius of curvature

of toroidal shell segment

b second postbuckling coefficient



E1,E95Eq9

€1:€25€19

FrooFy Ty

F(l) (ul,ul) ,F(z) (Ul,ul)

G

1’k2’k3

LysLy

meridional stretching stiffness of shell wall
shell wall flexural rigidity

ring or stringer spacing

Young's modulus for a ring or stringer

meridional, circumferential, and shear shell
elastic moduli, respectively

normal eccentricity of ring or stringer cen-
troid from shell middle surface

meridional, circumferential, and shear linear-
ized shell strain expressions, respectively

external ring forces per unit of length in
axial, radial, and circumferential directions,
respectively

buckling mode functionals (see Appendix B)

shear stiffness of shell wall; also shear
modulus of rings or stringer

shallow spherical shell rise

layer half-thickness

ring or stringer centroidal moment of inertia
torsion constant for ring or stringer
generalized postbuckling stiffness
generalized prebuckling stiffness

proportionality constant for buckling mode
imperfection

meridional, circumferential, and normal
foundation moduli, respectively

external shell surface moments per unit of
area about meridional and circumferential
directions, respectively

cylindrical on toroidal shell length;
axial subinterval length

pressure applied to spherical cap
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Mp,Mp,My 5

classical critical pressure for complete
spherical shell

meridional, circumferential, and twisting shell
stress couples, respectively

out-of-plane ring bending moment

number cf stringers; also number of finite-
difference ctations

external ring ronznts per unit of length in
axial, radial, and circumferential directions,
respectively

harmonic number
buckling mode harmonic number
total axial load for cylindrical shell

effective shell forces per unit of circumferential
length in axial, radial, and circumferential
directions, respectively

pressure distribution assocated with normal
preszvre field Ap(x,y), positive if acting in
positive z-direction

spherical shell radius
circumferential radius of curvature
small circle radius

meridional arc distance

meridional eccentricity of ring centroid from
corresponding subdivision point

meridional, ¢ircumferential, and shear shell
stress resultants, respectively

ring hoop stress resultant
shell thickness

generalized displacement vectors; also meridional
and circumferential shell displacements,
respectively

radial ring displacement

normal shell displacement



X,Y,2 shell variables defined by Equations (6)

X1,X2,X3 external shell surface forces per unit of area
in meridional, circumferential, and normal
directions, respectively.

Xy¥s2 axial, radial, and normal coordinates,
respectively
Z curvature parameter for cylindrical or toroidal

shell, (ﬂ,zlrt)(l-‘uz)l/2

N |

ring or stringer normal centroidal eccentricity
from shell inner surface

o first and second imperfection parameters,
respectively

A work deflection; also incremental value

8 maximum normal displacement of buckling mode
imperfection

v meridion orientation angle

€1,€2, €2 meridional, circumferential, and shear shell
stretching strains, respectively

€¢ ring hoop strain

Ki:K9,K10 meridional, circumferential, and shear shell
bending strains, respectively

x load factor; also ,shallow spherical shell param-
cter, 2[3(1vD)] /aGw/e)1/2

Ae critical locad factor for bifurcation buckling
of perfect structure

Ag buckling load for imperfect structure (snapping
load)

Ao load level of nonlinear prebuckling state

Aig (1,3 = 1,2,3,4) orthotropic shell wall normal moduli defined
by Equation (7) of Reference 14

K buckling mode functional defined by Equation (8)

Hij (i,j = 1,2) orthotropic shell wall shear moduli defined by
Equation (7) of Reference 14

v Poisson's ratio

® postbuckling slope angle of axial load-deflection

curve of cylindrical shell, = arctan [d(P/P.)/d(A/Ac)]



wx,my,w¢

Subscripts:
av

c

cl

mode

o)

,O)

Superscripts:

( )(e)
(@

prebuckling slope angle of axial load-deflection
curve of cylindrical shell

orthotropic Poisson contraction ratio with
meridional stress acting

normal amplitude of the contribution of the
buckling mode to the postbuckling state

shell displacements in axial, radial, and
circumferential directions, respectively

root-mean-square angular imperfection amplitude

imperfection functional defined by Equation (B-21)
circumferential angle

shell elemental rotations about circumferential,
meridional, and normal directions, respectively

ring variables defined by Equations (6)

ring elemental rotations about axial, radial,
circumferential directions, respectively

average value
critical value
classical value

pertaining to imperfection shape proportional
to buckling mode

pertaining to the axisymmetric component of
the second-order postbuckling state

pertaining to the unsymmetric harmonic com-
ponent of the second-order postbuckling state

nonhomogeneous part

pertaining to the prebuckling state (generally
evaluated at A = AC)

it el



( )(1)

)
)
®
()*
@X
)
o)

pertaining to the buckling mode

pertaining to the second—-order postbuckling
state

pertaining to an arbitrary imperfection
pertaining to a normalized imperfection shape
pertaining to the worst imperfection shape
evaluated at A = A

c

a( )/3s
a( /3¢

a( )/ar

Generalized field variables and operators:

H(e)

L, ()

L, (u)
Ly, (u,v)

ql(u)

c

linear operator relating generalized stresses
and strains

linear operator representing linear part of
the strain—-displacement relations

quadratic operator representing the nonlinear
part of the strain-displacement relations

bilinear operator defined by the identity
L2(u+v) = LZ(U)+2L11(U’V)+L2(V)

perturbation load vector associated with a
(live) normal pressure field

displacement
strain

stress

Generalized variable subscripts:

0

1

associated with the prebuckling state

associated with the buckling mode



associated with the second-order postbuckling
state

Generalized variable superscripts:

1

(2)
Matrices:
(3], [D]
[e]

[k]

{L}
{y}
{z}
(k]

Matrix superscripts:

()t

a( )/

32 )72

4x4 boundary conditions matrices

4x4 ring eccentricity matrix defined by Equation
(A8) of Reference 15

4x4 ring stiffness matrix defined by Equation
(A5) of Reference 15 (in which k is denoted

by «)
4x1 boundary condition load matrix
4x]1 internal shell force matrix

4x1 shell displacement matrix

4x4 ring prestress matrix defined by
Equation (AS5) of Reference 13.

transpose

ANALYTICAL FORMULATION

The general theory upon which this study is based has been presented

in References 11 and 12,

In the general development presented there, no

restrictions on the structural geometry are imposed. In this study
attention 1s restricted to ring-stiffened shells of revolution subjected
to axisymmetric torsionless loads, and consequently the analytical for-
mulation is, in a sense, a specialization of the equations of References
11 and 12 to this class of structures,



Imperfection Analysis

Imperfection measure, - A primary goal of ‘this study was to develop a
capability to assess the snapping loads of stiffened shells of revolution as
a function of a mean imperfection amplitude or measure §, For this purpose
it is convenient to consider geometrical imperfections as angular deviations
of either shell or ring elements from the desired geometrical orientation,
and £ as a mean square imperfection amplitude given by*

2n ~
a/m [ [ Eie)rdsast/@ra)a ,f (w2 o)do (1)
s 0 k k O
where the integral over s ranges over the whole shell meridian, and the
summations over k range over all rings. With this definition of the
imperfection amplitude, the relation U = £u between the imperfection @ and
the normalized imperfection shape u yields the normalization condition

27
@/n) | | G5 rdsds+[1/@n i) 8) f () o >d¢ =1 (2)
s 0 k k

Except for Equation_(2) and conditions of continuity, the normalized im-
perfection angles, x,w 8 for the shell and w e for the rings, are arbitrary
functions of s and ¢. y

Snapping load. — For a given imperfection shape, Equation (35) of
Reference 11 gives the snapping load Ag in the case where the first post-
buckling coefficient a is nonzero, and Equation (36) of Reference ll gives
Ag when a = 0 and the second postbuckling coefficient b is negative. Since
for axisymmetric structures having a unique (unsymmetrical) harmonic
buckling mode, a is identically zero, the latter of these two equations is
of primary importance here. This equation is reproduced here as
Equation (3) and displayed graphically in Figure 1.

3/2 1/2
(l—AS/AC)

#3330’ EH 21 (/) @1 /2 )-11/2 = © 3
Equation (3) reduces to the original Koiter relation [Equation 45.10) with

= 4 of Reference 1] if R is set to zero. On the other hand, for a linear
prebuckling state neglecting prebuckling deformations, B = a, Therefore,
B is included in an attempt to improve the accuracy of Equation (3); however,
as noted in Reference 11, Equation (3) is not a complete second approximation
since other terms of the same order as B-terms have been neglected., It
should be noted further that b, o, and B do not have unique values but depend
on the normalization of the buckling mode. If£ the buckling mode_is changed
by the multiplicative factor C1, then b changes by the factor Ci“ and o and
g change by the factor 1/Cy. It therefore follows, as it should, that the
quantities which determine the physical load knockdown Ag/jc, viz. ba? and
B/a, have unique values. 1In order to use Figure 1 to determine the snapping
load Ag as a function of the root-mean-square imperfection amplitude £, it

*The rlng angular deviation w¢ “does not enter into the theory and
therefore is omitted from Equation®(l).




is necessary to know in addition to these quantities the corresponding crit-
ical load A; of the perfect structure, All these quantities must be deter-
mined for each bifurcation buckling mode of the perfect structure, each of
which has a AS-E relationship., The theory, to obtain each buckling mode of
ring-stiffened shells of revolution has been presented in Reference 8, and
it is assumed henceforth that A, and other details of the buckling mode,
along with the prebuckling state at Ao, are known inputs to the imperfection
analysis.

On the other hand, if a = 0 and b>0, Equation (3) does not apply
and the structure may carry loads greater than A,. In order to assess
this additional load carrying capacity, it is desirable to compute the
ratio of initial postbuckling stiffness K* to the prebuckling stiffness
at bifurcation K'. Formulas for the functionals b, Ky, K*, o, and
g are presented In References 11 and 12, and it is the basic purpose of
this study to develop the capability to evaluate these quantities for
each buckling mode and imperfection shape of interest,

Worst imperfection shape. — As is evident from Figure 1, for
sufficiently small imperfection amplitudes the value of 8 is relatively
unimportant. For this reason, the worst imperfection shape, which for
a given (sufficiently small) value of.f tends to produce the greatest
reduction in critical load, is defined as those particular imperfection
angles, denoted here by Q,@,é,&x,& , which maximize the value of a
subject to the normalization condition (2).

From Reference 12, the general expression for o is
o = [0%L.. (5, )40, L, (G,u%)-A q. (@ -u,1/A FL (u,u,) (4)
o 117 17117707 "e'l 1" 1°71

Since the denominator of this expression is independent of the imperfection,
it is only necessary to find the imperfection shape which maximizes the
numerator., For ring-stiffened shells of revolution, the numerator, denoted
here as I, is given byt

b 2T
(XX+Yw+ZB)rd¢ds+Ea é (wax+ﬂywy)d¢ (5)

1z f

O

+For clarity, the asterisk is omitted from explicit prebuckling
variables, it being understood that they are evaluated at A _,. In obtaining
Equation (5), normal pressure field terms associated with surface dilata-
tion and pressure gradients have been neglected. For dead loading, the
terms in Equations (6) with the factor p should be omitted.

10



where

x = (@M@, 0 @
= 1@y WirD, O, LW
z = (416D

g - 0, W

bid ¢ X

9 =@ @

y ¢y

From Equation (2) and the following Schwarz inequality

2n o 2m 5
120211/8) [ [ G485 rdpds+[1/@rTafa [ (2+02)do]
s 0 k k O y

wliere

27
W2 = a f f (x vz )rd¢ds+(2ﬂZa)Zaf(Q +Q Ydé
s 0 k k O

it follows that the maximum value of o is

& = u/x F<l)(ul, l)

Furthermore, this value is reached only for the special imperfection

angles given by

X = AX/y
v =AY/
8§ = AZ/u
&x = (ZNEa)QX/u
wy = (2n£a)9y/p

11

D)

(7

(8)

(9

(10)



Perfect Structure Analysis

Whereas the imperfection parameters o and B depend only on the
prebuckling state and buckling mode (which may be called the first-order
postbuckling state) of the perfect structure, b and K* depend, in additionm,
on the second-order postbuckling state. The equations for this state are
given in Reference 11 in variational form, However, for numerical purposes,
the corresponding differential equations are more convenient to use and
they are most easily derived by applying the perturbation procedure directly
to the nonlinear field equations.

Field equations for shells of revolution., - A suitable form of the
nonlinear field equations for shells of revolution is given in Section II
of Reference 13, Before applying the perturbation procedure, it is |
convenient to transform these equations to a set of eight basic differential
equations in the eight basic she... variables P,Q,S,M. ,E,n,V,x, plus a set
of supplemental equations, as has been done previous}y for the linearized
shell equations (Reference 14) and the corresponding perturbation equations
(Reference 13), The transformation of the equations is accomplished with

the help of the Gauss-Codazzi surface compatibility relations. The resulting
equilibrium equations are

(xP) "+ (x/R,)S = (2/r)M , - (x' /r)Mz"-(r/Rz) [(T+T,)8] 4 (TyihT )

-1! '.=
+r[(r/R2)Xl r X3]+r Ll 0

(rQ) '+r's'—T2+M2"/R2-r' [(T,+T,)6] '—(r/Rz) (T, ¥HT Hx) '+r[r'xl+(r/R2)x3]
-(x/Ry)L; = 0 (11)
(rS)'+r'S+T£+Mé/R2—r' (T,+T,) 6= (r/R,) (Ty¥+T  ,X)+rXy=(r/R,)L, = O

(er)'+r[r'P—(r/Rz)Q]—r’M2+2M12—r(Tlx+T12w)+rL2=O

where the primes indicate partial derivatives with respect to s and the

dots indicate partial derivatives with respect to ¢, The nonlinear terms

in Equations (1l) can be conveniently thought of as the following additional
load terms applied to the linearized equations,

12



gl
|

1= —[(Tl+T2)6] /r

o
]

2 ~(r'/r)(Tl+T2)6
X3 =0 (12)

Ly = TorT X

-
I

This isolation of the nonlinear terms is desirable since linear terms will
pass through the perturbation procedure unaffected.

The four basic kinematic equations may be written in the form

g = r'x+(r/R2)el

n' = =(c/Ry)xtr'e; (13)
vl o= =€ /Ry (x' /1) (0 v)tey

x' =Ky

Equations (13) are linear since they do not involve the strains €12€19 but
rather the linearized strain expressions @58 ,. In addition to the nonlinear
strain-rotation equations, given by Equations %l) of Reference 13, and the
partially inverted constitutive relations, given by Equations (6) of

Reference 14 with § replaced by 5-(T{+T2)6/2, the following equations

complete the transformed system of field equations

le = S—2M12/R2—(T1+T2)6/2 (14a)

13
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1

1= (r/RZ)P+r'Q

(v’ )/x

o]
N
1]

Iay
|

, = [E' (v /D4 = n) /R, 1/

K1pme1p/Ry = (x=€/1) /¥ (14b)

<
u

(v=n") /Ry+(x" /x) g

@
i

(x'/x) (v=n")-€ /R,

Equations for second-order postbuckling state. - In deriving the
equations for the second-order contribution to the postbuckling state, all
response variables of the postbuckling state are expanded in a power series
in a parameter § about the corresponding variables of the prebuckling
state at the same load level A. These expansions are then substituted
directly into each of the field equations. Terms of the same order in
§ are collected after subtracting off the corresponding equations satisfied
by the prebuckling state variables. Terms of order £ then yield the
buckling mode (eigenvalue) equations and terms of order £2 yield the
second-order equations.

In order to illustrate the perturbation procedure, consider the strain-
rotation equation

€, = el+(x2+92)/2 (15)

1

Substituting the expansions for each of these variables and dropping terms
of order 53 and higher gives

,,2,(2),2

(1,2, _ +e2 D2,

€£0)+£€l +£ el (1), 2 iz)

@ Dy2, (0),;, (1), 2 (2)2

+x T REY THE Y /2+[&0

(16)

In Equation (16) the prebuckling rotation about the normal direction 6(0)
has been omitted since it is identically zero for an ?xisymmetric torsion-
less prebuckling state. The prebuckling rotation X(O is also a function
of £ through its dependence on A. However, since a = 0, it follows that
the difference between x(o)(k) and x(o)(AC) is 0(£%). Consequently, up
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to the order considered, no error is incurred if } 1s evaluated at
A= A . Subtracting the prebuckling relation e 0 +X(0) /2 from
Equatlon (16) and equating terms of the same order in E gives

eil)-eil)-x(o)x(l) -0 (17a)

(D DO, @) [ W22

1 1/2 (17b)

Equation (17a) is one of the field equations for the buckling mode, and
Equation (17b) is one of the field equations for the second-order post-
buckling state. It should be observed that the homogeneous parts (i.e.,

the left-hand sides) of these two equations are identical, the only difference
being the addition in Equation (17b) of a nonhomogeneous term quadratically
dependent on the buckling mode, This difference is typical of all equations
arising from field equations with nonlinear terms. Linear field equations
give rise to equations which are identical in form to the original field
equation from which they are derived.

Applying this procedure to all of the field equations given in the pre-
ceding section yields the following equations for the second-order post-
buckling state, The equilibrium equations are identical to the linearized
form of Equations (11) if the load terms are identified as*

=<
|

1 = Apx-ITy

0) (O)

]
|

, = Az [T 16/r-r [Til)+T§1)]e(l)/r

Xy = A [p(e te,)+E3p/oxtnap/dy] | (18)
L, = (O)UJJrT (0 )+T§l>w(l)+-T (1),
L, = -TEO)X-TIX( )_Tfl)x(l) lél) (1)

*For clarity, the superscript (2) is henceforth omitted from the
second~order postbuckling state variables, Terms of Equations (18) with
the factor p are associated with a normal pressure field Ap(x,y) and are
omitted for dead loading.
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The kinematic equations (13), being linear, apply unaltered to the
second-order postbuckling state. The strain-rotation equations become

0) 12, ,(1)2

e, = eyt Txtlx 1/2

e, = ety P22y (19)
N OINCRS

The constitutive equations become

Ty = M™%t sT it

My = Ap18thpatAgsT Ao My

E1 = 2318030k Ag3T MM (20)
K1 T Moot Tt

~ +
2M)y = HppK1g FHHS

- o
12 = Pa1¥pg tugpS

where K = K, .,~€ /R2

12 12 "12

st = s-17{041{P 1o/2-11D42{V 10D /2
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Equation (l4a) becomes

_ (0),,(0) 10 fo_er (1) (1) . (1)
le = S-2M12/R2—[Tl +T2 l8/2 [Tl +T2 1e /2 (21)

whereas Equations (14b), being linear, remain unaltered in form.

A similar analysis can be made on the differential equations for
elastic rings. In analogy with Equations (18), the resulting equations
are identical in form to the linearized ring equations if the applied
moments and forces per unit of length are identified as

F =0

X
F = —EA[w(l)2+m(l)2]/2a

y X y
r, - EA[m}({l)2+w}El)2]'/Za (22)
N (O JR C RN 6D

X ¢ X ¢ X
N = (@, W @

y ¢ Yy ¢y
N =0

?

Method of solution. - Examination of the equations of the preceding

section shows that all nonhomogeneous terms are quadratic functions of
buckling mode variables. Since, in general, these variables are pure
harmonic functions of the circumferential coordinate ¢, the nonhomogeneous
terms may be decomposed into an axisymmetric component and a sinusoidal
component. This is accomplished by use of the trigonometric identities

(1+cos2x) /2

2
cos X

Sin2x (1-cos2x)/2 (23)

sinx cosx = sin 2x/2
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Denoting the nonhomogeneous parts of the load terms of Equations (18) with
the superscript (e), and the amplitudes of the buckling mode variables by
the same symbols as used previously for total quantities, one obtains,

xie) = _(nc/r)[Til)+T§l)]6(l)c052nc¢

x{®) = -(z'/21) (rP4r{t 10 (1)sin2nc¢

x(e) _

3 (24)

|
o

L](-e) = (1/2) [Tél)w W, T(llz) X (1)]sin2nc¢

L = —a/ PP D)

D), (W_

_(1/2)[Tl lz)w(l)]COSZnC¢

Similarly, the nonhomogeneous parts of the strain expressions, Equations (19)
may be decomposed to

L& /6 ix P20 D 214176 [x D26 V20520 o
O /0 1r P20 M21- (175 [P 26D o520 6 (25)
Eig) = (1/2)X(l)¢(l)sin2nc¢
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The nonhomogeneous term [Tfl)+T§l)]e(l)/2 in Equations (20) and (21) becomes

/@) (riPeri 1o

Equations (22),

sinZnC¢, and the nonhomogeneous ring loads become, from

NON
X

|
o

F;e) = —(EA/4a)[wil)2+w§l)2]+(EA/4a)[wil)2+w;l)2]c052nc¢

F;e) = (ncEA/Za)[wil)2+w;l)2]5inznc¢ (26)

Nie) = —(l/Z)Til)mil)sinch¢

N;e) = —(l/Z)T;l)w;l)Sinch¢
ni® _ o

It follows, therefore, that the response variables for the second-order
postbuckling state are composed of the two harmonics n = 0 and n = 2n ,
which are uncoupled and may be solved for individually, one after the other,
Each of these problems is analogous to a linear shell statics problem with
pure sinusoidal loading so that the method of solution presented in
Reference 14 can be used.

For each harmonic, the boundary conditions at meridional stations
at which elastic rings are attached may be written in the matrix notation
of References 13 and 15 as

raly)-lkx (A ) 1{z} = ~[e] (L} 27)
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where aF(e)+nN(e)
x

OO
v X
{L} = (28)
NORNO)
¢ b4

(e)
al,

Here F(e) and N(e) are either the axisymmetric or sinusoidal amplitudes

of Lhe correspondi ig total quantities given by Equations (26). Other
boundary condition: for the second-order postbuckling state are either
homogeneous versinas of general linear conditions imposed on the actual
shell (e.g., exte;mnal line loads) or conditions at the initial and/or
terminal shell edge representing a spherical dome closure (see Appendix A).
After the response variables of the second-order postbuckling state are
determined, they are used in the evaluation of the postbuckling coefficient
b and the initial postbuckling stiffness K* as shown in Appendix B,

EXAMPLES

Results for tle following examples are proseni:.l and comparad to in-
dependently obtained published results: (1) a simply supported toroidal
shell (equatorial) segment subjected to uniform lateral pressure (Reference 5),
(2) a clamped spherical cap subjected to uniform pressure (Reference 9),
(3) unstiffened and ring-stiffened simply supported cylinders subjected to
uniform hydrostatic pressure (Reference 6), and (4) a simply supported
stringer-stiffened cylinder subjected to axial compression (Reference 10).
In addition, results are presented for a cylindrical shell under axial com-
pression with simply supported and ring-stiffened edges, since in these
cases an independent verification of the postbuckling stiffness calculation
can be made,

Toroidal Shell Segment

A six-degree toroidal shell segment of positive Gaussian curvature with
r/a = 0,5, t/r = 0,008265, and v = 1/3 was considered, Here r is the equa-
torial radius and a the meridional radius of curvature, These values cor-
respond to the curvature parameter Z = 5, Based on a uniform membrane
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prebuckling state (as in Reference 5), the computer results are, for n, = 20,
p/E = 6.120 x 10~ and b = -0.496 (with the buckling mode normalized to have
a normal deflection amplitude equal to the shell thickness). Hutchinson's
Fourier series solution [Equation (36) of Reference 5] gives for this shell
b = -0.501 (and p/E = 6,125 x 10-9)., The small difference between these

two results may be attributed to the use of a Donnell-type shell theory and
the treatment of n as a continuous variable in Reference 5.

Spherical Cap

A twenty-degree spherical cap with t/R = 0.01094 and v = 1/3 was con-
sidered, These values correspond to the shallow shell parameter XA = 6,
Based on a nonlinear prebuckling state, the computer results are, for n. = 2,
qc/qo = 0.783, b = -0.790, and K*/KO* = 4,195, which in the notation of
Reference 9 corresponds to the value o = -0.585, These results are in good
agreement with Fitch and Budiansky's finite-difference solution of the shal-
low shell equations given in Figure 8 of Reference 9. Small discrepancies
with the results of that reference may be attributed to the use of shallow
shell theory and dead pressure loading in Reference 9.

Ring-Stiffened Cylinders

The only previously published results for ring-stiffened shells are
those of Hutchinson and Amazigo for ring-stiffened cylinders (Reference 6).
In that paper the stretching and in-plane bending ring stiffnesses are uni-
formly distributed over the shell, and the torsional and out-of-plane bending
stiffnesses are neglected, 1In order to compare their results with the results
of the present computer program, which treats rings discretely, it is nec-
essary to choose a cylindrical shell with many rings of uniform size and
spacing.

For this purpose, a shell was chosen with r/t = 100, &/r = 0.724, and
v = 0.3%, resulting in the curvature parameter Z = (Qz/rt)(l-\)z)l/2 = 50.
For the stiffened cylinder, 11 equally spaced rings were chosen with the
centroid to centroid spacing d = £/11, the two outermost rings being spaced
a distance d/2 from the simply supported edges. The section properties used
for the rings are: A/r? = 1,318 x 10~%4, I./r% = 6,02 x 10-8,
Iy = Iyy = J =5 =0, and Z/r = 0.025 and -0.015. Assuming that the shell
and rings have the same Young's modulus, these values correspond to what
is referred to in Reference 6 as light stiffening, i.e., A/dt = 0.2,
E1/Dd = 10, e/t = 42, to which Figure 8 of Reference 6 applies. The table
below gives the buckling pressures obtained, and the corresponding values

*After the calculations were made, it was discovered that the value
v = 1/3 was used in Reference 6,
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of the second postbuckling coefficient in the case of live pressure loading,
The values in parentheses are the buckling mode harmonic numbers.

Reference 6 =

i P = 0.3

(Figure 8, v = 1/3) resent (Vv )

p./E x 104 b p./E x 104 b
c c

Unstiffened cylinder® 0.13 |-0.2 0.140 (9) | -0.222

Internal stiffening? 0.73 -0.1+ 0.753 (6) -0.0750
Internal stiffeningb - - 0.671 (6) -0.0676
External stiffening?® 0.73+ |-0.12 0.779 (6) -0.0830

Aside from the noted difference in Poisson's ratio, the only reason for
discrepancy in the case of the unstiffened cylinder is the use of Novozhilov
shell theory here as opposed to Donnell theory in Reference 6, TFor the
stiffened cylinders, the smearing-out of the ring stiffness in Reference 6
is a further difference, which apparently causes the greater discrepancy

in these cases,

In order to obtain a better correlation with the results of Reference 6,
the shell was reconsidered with its radius increased by a factor of 5, but
with all other properties unchanged., Since this is, in effect, a shorter
shell, the assumption of smeared out rings should be more accurate. In
order to obtain the best possible agreement, the calculation was made only
for a membrane prebuckling state, as was done in Reference 6. The table
below gives the buckling pressures and the corresponding values of the
second postbuckling coefficient.

Reference 6 7 _
(Figure 8, v = 1/3) Present (v = 0.3)
6 6
pC/E x 10 b pC/E x 10 b
Internal rings 3.75 -0.22 3,77 (15) | -0.214
External rings 4,85 -0.33 4,80 (16) | -0.319

As expected, in this case the agreement is much better,

8Based on membrane prebuckling state

bBased on nonlinear prebuckling state
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Stringer-Stiffened Cylinder

A cylindrical shell was chosen with t/r = 0.001343, 2/r = 0.65, and
v = 0,3, corresponding to the curvature parameter Z = 300, 1In addition,
the following stringer properties were chosen: EI/Dd = 100, A/dt = 1, and
e/t = 6 (external stringers). In order to compare with the results of Ref-
erence 10, in which stringer torsional stiffness is neglected, GJ/Dd was
set to zero. From Table 2 of Reference 10, it is seen that the predicted
critical harmonic for this shell is exactly n. = 10, so that no error can
be attributed to the treatment in that reference of n as a continuous variable.
The table below compares the present results to those of Reference 10.

3
Csrire! P unseirs b b 8,* e
Present results 8.74 -0.0114 | -0.00360 | 36.4° | -141.1°
Reference 10 8.79 -0,012 -0.0042 36. ~142,

Here, b-values are based on the buckling mode normalized to have a normal
deflection amplitude equal to the shell thickness, and o-values on an im-
perfection shape identical to the normalized buckling mode deflections.

As seen, the agreement between the finite-difference results of Ref-
erence 10 and the present results is good except for the imperfection param-
eter a. In Reference 16, however, it is noted that this discrepancy 1is
primarily the result of truncation error in the finite~difference solution
associated with the use of only 60 finite-difference stations. The conver-
gence of the finite-difference solution for b and a?b as the number of
stations N increases is shown in the following table taken from Reference 16,

N b aZb

30 | -0,0130 -0,0052
60 -0.0121 -0.00425
95 -0.0119 -0.00395

These results show that as the number of stations increases, the corres-
ponding finite-difference solution tends to better agreement with the present
results, Complete numerical agreement, however, can not be expected because
of differences between the Donnell shell theory used in References 10 and

16 and the Novozhilov theory used here,
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Cylindrical ‘Shell Under Axial Compression

As a final example, the case of a cylinder under axial compression is
presented., Since under uniform axial compression the work deflection A is
simply the average end shortening, an independent calculation of K* can be
made to check the program. The formula for this is

K* = (1/1<0=\=+A(2)/b]?c)"l (29)

where A(z) is the average end shortening in the second-order postbuckling
component and PC is the critical load. Calculations were made for a
monocoque cylinder (r/t = 100, &/r = 0.7, and v = 0.3) with both simply
supported and ring-stiffened edges.

Simply supported edges. ~ The computer results for this case are
P./Pc1 = 0.801 (nc = 8) where P§1 is the classical critical load,
Ko*/Er = 0.0724, b = -4,95 x 10-° (for the buckling mode normalized to
have maximum normal deflection of one shell radius), and K*/Er = 0,0880.
Note that the prebuckling stiffness for the cylinder with free edges is
KO/Er = 21t/% = 0.0898, so that simple supports make the prebuckled
cylinder less stiff with respect to axial load. Secondly, since b is
negative, the postbuckling load~deflection curve is falling at a somewhat
greater slope than the prebuckling curve is rising. This is the classical
picture of the postbuckling equilibrium path doubling back under the pre-
buckling path. The computation of K* was verified since the hand calculation
of K* using Equation (29) checked the printed value to at least four
significant digits.

Ring-stiffened edges., - In this case the shell edges are supported
by internal square rings of width 3t and the axial load is applied
at the ring centroid. The computer results for this case are Pc/Pcl = 0.0167
(ne = 2), Kg*/Er = 0.0118, b = -3.93, and K*/Er = -1.357 x 10-3. In this
case, the work deflection is not the end shortening of the shell but rather
the relative axial shortening of the distance between the (eccentric) ring
centroids., As a result of the out-of-plane bending flexibility of the
rings, the prebuckling stiffness is drastically reduced. On the other
hand, the ring eccentricity increases the buckling load of the essentially
inextensional mode by causing ring stretching to occur during buckling.
With no eccentriecity the inextensional buckling theory gives [see Equation (22)
of Reference 7] P./P.1 = 0,0108. The postbuckling load-deflection curve
again falls (negative b) but this time at a small negative slope. The hand
calculation of K* again checked the printed value to at least four significant
digits.
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CONCLUDING REMARKS

A digital computer program has been developed for the initial post-
buckling and imperfection sensitivity analysis of buckling modes of general
ring~stiffened shells of revolution. This program treats nonlinear
prebuckling states and live pressure loading, and compares for a given
mean square angular imperfection amplitude the worst imperfection shape
with the buckling mode imperfection shape. The range of amplitudes treated
is extended to imperfections of moderate size by computing both the first
and second imperfection parameters. Assuming that the mean square
imperfection measure used characterizes a particular type of shell
structure and a particular type of construction, correlation of the
computer results with experiment should provide a basis for realistic
prediction of buckling loads of practical structures.
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APPENDIX A

SHELLS WITH DOME CLOSURES

Solution for Second-Order Postbuckling State

Shells with dome closures are treated by deleting a small spherical
cap containing the pole and generating appropriate boundary conditions in
terms of the eight basic shell variables (P,Q,S,M;,&,n,v,x) for the
artificial edge so created. These boundary conditions, which represent
the deleted cap to first order in the edge radius, are derived in this
appendix.

Based on the finitness of the linearized strain expressions one can
derive, in a manner similar to that in Reference 8, the following results
valid at a pole

n2£ =
ntnv =0
antv =0 _ﬂA—l)
(n2—l)x =0

b= 31X
e =0
e2 = ﬁ+n§
ey = Fon

(a-2)

Kl = i&
£ =
g = )'cin/Rz
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For the terms with ambiguous signs in Equations (A-2), the upper signs

apply at an initial pole, at which r' = 1, and the lower signs apply at a
final pole, at which r' = -1. The dots above the symbols denote differentia-
tion with respect to the radius r. From Equations (A~1) and (A-2) boundary
conditions are derived for the axisymmetric and the sinusoidal problems of

the second-order postbuckling state.

Axisymmetric problem. - From Equations (A-1) and (A-2), the following
relations hold to first order in r at the artificial edge

n=rn=re;
(4-3)

X = rx = tr K1

Using the last of Equatioms (A-1) and Equations (14b), (19), (20), and (25),
Equations (A-3) become

x(l)2+e(l)2]/4

|+

rA33Q+rA34Ml—(l+Al3)n+X = r(1+x

23X 1301

(A-4)

)

|+

- (12, (1)2
rk34Q+rA44Ml—A14n+(l+A24)X rxla[x +6 1/4

It can be shown that at a pole the rotation 6 is the order of strain

and hence negligible in Equations (19), so that the © L) _terms in Equations
(A—4) are also negligible, 1In fact, the right-hand sides of Equations (A-4)
are negligible unless n, = 1, since for n, # 1, x(l) = {} at a pole.

Since the axisymmetric problem is torsionless, a third boundary
condition is simply S = 0. The fourth condition may be derived from the
first of the equilibrium equations (11), which for the axisymmetric problem
reduces to

(P) = rXy| _5+0 (%) (A-5)

3|r
Integration of Equation (A-5) between the limits r = 0 and r = r gives at

the edge

P = (x/2)%,] _+0GD) (A-6)
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From the third of Equations (18) and the first of Equations (A-3), it follows
that

X = Ac[Zpe2+£Bp/3x]+0(r) (a-7)

3Ir=0

Combination of Equations (A-6) and (A-7) gives the desired boundary condi-
tion, which, in view of the relation ep = n/r, may be written as

P - )\Cpn—(r/z)}\ciap/ax =0 (a-8)

The second and third terms of Equation (A-8) arise only in the case of a
live pressure field.

Sinusoidal problem., - In this case, all four boundary conditions are
derivable from the first-order relations obtainable from Equations (A-1)

and (A-2), viz,

£=0
n = re; (A-9)
v = r(ne +e )/n2
2—-"12
X = trg

1

The first of Equations (A-9) is already a suitable boundary condition. The
remaining three are transformed in a fashion similar to that in obtaining
Equations (A-4) to give [neglecting e(1)]

- 2, _ - 2 _ (1)2
i;A33Q+rA34Ml (1+A13+n A23/2R2)n n(Al3+A23/R2)v+(l—n /2)A23x = r(l—AlB)x /4

rMZZSip(l—ulZ/ZRz)n+nu12x/2 = ;r(l—ulZ/Rz)x(l)z/z (A-10)

2

- _ T 2 . (12
_-f_-_rA34Q+r>\44Ml (A14+n >\24/2R2)n n()\l4+)\24/R2)v+[l+(l—n /2)>\24]x = r>\14x /4
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Correction of Integrals

In addition to employing the above boundary conditions at an artificial
edge created by deleting the small polar cap, a first-order correction
is made to the integrals required in the functional evaluation (Appendix B)
to account for the neglect of the integral over the deleted cap. These
integrals are of the form f Yrds, and the contribution over a deleted cap
of edge radius r is s

f Yrds = i_fr(r/r')Wdr (A-11)
cap 0

In either -case, one obtains
t 2 3
f Yrds = f [W|r=0+0(r)]rdr = r ¥/240(xr") (A-12)
cap 0

Thus the correction is rZW/Z, where the integrand Y is evaluated at the
artificial edge.
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APPENDIX B
EVALUATION OF FUNCTIONALS

The general formulas for the functiomals b, K., K*¥, o, and B are
given in References 11 and 12, In this appendix, ghese formulas are
snecialized to ring-stiffened shells of revolution with an axisymmetric
torsionless prebuckling state. These specialized formulas can be simplified
to single integrals over the shell meridian plus algebraic sums over all
rings by making use of the trigonometric identities, valid for n # O,

2m 2 2m 2

f cos no¢d¢ = f sin"n¢dd = 7

0 0 (B-1)
27 2 27 2

f cos2né¢cos nede = —f cos2nésin nodo = /2

0 0

In all cases the variables shown for the buckling mode and the sinusoidal
component of the second-order postbuckling state are harmonic amplitudes of
the corresponding total quantitie: . Since for this study axisymmetric
buckling modes are uninteresting, all formulas shown are for the case n, # 0.

Second Postbuckling Coefficient, b
The general formula for b is given by Equation (22b) of Reference 11.

This formula, simplified by setting a to zero, is

b = —[02-L2(ul)+201-L11(ul,u2)]/)\CF(l)(ul,ul) (B-2)

To evaluate b, the three functionals shown in Equation (B~2) must be
computed.

30



F(l)(u - For shells of revolution one obtains from the definition

1291

of F(l)(u,v) given in Reference 11
@mE® ) = [ Py DD v® 105 a1 P24 12151 (0 /5,
s

+[¢(1)2+6(1)2]STéo)/BA—Xil)u(l)—Xél)v(l>—X§l)w(l)}rds

(2 (1)2 (0)
+g alo_ o ]8T¢ /A (B-3)
where
MO
Xél) - pw(l) (B-4)
Xgl) = p[e£1)+e§l)]+€(l)ap/8x+n(l)Bp/ay

The terms given by Equations (B-4) represent live pressure loading and
are set to zero for dead loading., It may be noted that except for two
small differences (1/n)F(1)(u1,ul) is minus the inner product of the
buckling mode with itself, as defined by Equation (32) of Reference 13,
These differences are: (1) in the inner product, the derivatives of the
prebuckling state variables with r espect to A are generally evaluated

at Ay, whereas in Equation (B-3) they are evaluated at A;; and (2) the
terms depending on the prebuckling state in the formula for T1§ , viz,

) o -

¢9) (0), .€0),,(1) (1) .V
12 /Rz){S —[Tl +T, ]o /2}+pll{nc[x £ /rl/x

H12

Oy B r yr, (3-5)
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have been neglected in the inner product. Since the partial derivatives

with respect to A of Equation (B-3) input to the program are evaluated

at A,, the value of F(l)(ul,ul) computed by the program contains in general
an error which diminishes with the difference Ao - A,. This approximate
value, divided by -7, is printed out and denoted as the inner product, If
the optional prebuckling data, which contains the corresponding second partial
derivatives with respect to XA evaluated a A, is inEut (see page 43), then

a first-order correction in Ac - A, is made to -F( )(ul,ul)/n, and the
corrected value is printed out and denoted as the corrected inner product,

02-L2(ul). ~ Denoting the axisymmetric components of the second-order

state vari:cbles by the preceding subscript 0, and the amplitudes of the
sinuscidal components by the preceding subscript 2, one has

2m
1)2 2 12 ., 2
02-L2(ul) = £ é {[OTl+2T10032nc¢][x( ) cos nc¢+6( ) sin nc¢]

2
+[OT2+2T2c052nc¢][w(l)2+6(l) ]sinznc¢

+22T12X(l)w(l)sin?nc¢cosnc$sinnc¢}rd¢ds

2m

+Za f [OT +.T cosch¢][w(l)2+m§l)2

. 2
L2} o 2T % lsin nc¢d¢ (B-6)

Employing Equations (B-1), Equation (B-6) simplifies to

+[,T T2/2][1b(l)2+6(1)2

279 ]+2T12x(1)¢(l)}rds

_ 1)2, (12 _
+£a[OT¢ 2T¢/2][wx +my ] (B-7)
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0" ll(u 2). - In a fashion similar to that for 02 (u ) one can

show
(1/moyLyg (upsu,) = f By B xrpx/2mir P+ 16D o/2
+T§1>¢(1)2¢/2+T£§)[X(1)2¢/2_w(1)zx/2+¢(1)ox]}rds

), @) 1)
+£ aT [w % 2 i+wy 2my]/Z (B-8)

Prebuckling Stiffness, KO

Although the value of K. is input to the postbuckling program, rather
than computed by it, for the sake of completeness it is also discussed here,
The general formula for KO is given by Equation (25) of Reference 11, viz,

X, = A/oo-eél) (B-9)

(1)

0 is given by

The functional o,*¢

0

(1

(1/211)00-5O 3K1/3A+M28K2/3A)rds

) f(Tlael/ax+Tzaaz/ax+Ml
s

+E(T¢Buy/BA—My8w¢/ak) (B-10)

In Equation (B-10) the prebuckling superscript (0) has been omitted since
all response variables pertain to the prebuckling state,

Initial Postbuckling Stiffness, K*

The general formula for K* is given by Equation (31) of Reference 11,
viz,

K = Kg/[1+(xg/2bxi)(cl-el+zog-ez)] (B-11)

To evaluate K*, two new functionals must be computed.
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O1%€1s ~ This functional is most easily obtained from the following

relation, which follows from Equation (8c) of Reference 11.

. = . —ag ke —
01%€1 = A2y (up) ey mogel, (u)) (8-12)

For shells of r.:volution, this specializes to

(l/ﬂ)al-sl = A I[X(l) (l) (l)v(l)+X§1)w(l)]rd~

ferfO [ D24 (2340 {0 1, 1209 (g,

(0); (1)2, (1)2
—ZaT¢ Lo, e ™71 (B-13)

where X(l) ;l), and Xgl) are live pressure terms given by Equation (B-4).

03'62 . — Although €, has both a symmetric and sinusoidal component,

the sinusoidal ¢ :mponent contributes nothing to this functional because

2m 2T
of the trigonometric identities f sinn¢d¢ = f cosnpd¢ = 0, Consequently,
0

the formula reduces to

(l/2ﬂ)03-32 = i[T£O)OEl+T§O)O 2 Mio) K1+M§O) k,]rds

+Z[T(O) M g0,

0% (B-14)

First Imperfection Parameter, a

Worst imperfection shape. - The maximum value of o is given by
Equations (8) and (9). If the buckling mode variables in Equations (6) are
interpreted as harmonic amplitudes, then Equation (8) becomes

pz = ﬂ[Af(X2+Y2+22)rds+(21TZa)Za(Q}2{+Q§)] (B-15)
s k k
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Imperfection shape proportional to the buckling mode. - In this case,

[c£. Equation (39) of Reference 12]

o« = -kol-Ll(ul)/ch(l)(ul,ul) (B-16)

where k is the constant of proportionality given by

K = n_l/z{(l/A)f[x(l)2+w(l)2+9(l)2]rds+(2nZa)—lza[wil)2+w;l)2]}-1/2 (B-17)
s k k

With the buckling mode normalized to have a unit maximum normal deflection,
k represents thé ratio of the maximum normal imperfection to the rms value
of the angular imperfection. From the definition of €7 given by Equation
(8a) of Reference ll, it follows that

Ll(ul) = Ol.El_ol.Lll(US’ul) (B-18)
where 01°€q is given by Equation (B-13) and
1 1 1 1 0
0y°Ly; (us,up) = nf(T( ) Dy (Z)w( )19 cas (B-19)

Second Imperfection Parameter, B

The second imperfection parameter B is given by Equation (34b) of
Reference 12, viz,

= (0@-ar KLy, P xu 11 @i~ @/2m 7Py 1M g up)
(B-20)
where
o(u) = Oél)*°L (u,u oy ll( (l)*) ~q; (w)*u (L (U él) supd]eLy (G,ug)

(B-21)
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Note that the last two terms of the numerator do not depend on the

imperfection shape u. One obtains for these terms, from their definitions,

(i/ﬂ)F(z)(ul’ul) f{Z[Tfl)x(l)+T(l) (1) 152, (0) /5,2

iy 1240 (12752 T(O)/BA 2erp P 26 D21 T(o)/ak Jrds

+Za[w(l)2 w2752 Ty (0 /92 (B-22)
P

and

(l)*,u ) = ‘nf[Cx(l)2 (1)2][8x(0)/ak]2rds (B-23)

s

HILy, WS, 71n ) @ +Gy

11 (%

where C and G are the shell wall meridional stretching and shear stiffnesses
denoted by Cio) and G(0) in Reference 14.

Worst imperfection shape. - In this case, one obtains

wme = [1Ler® miey oy @ a0 Dar® 5,0 55, Dy
+1@r{® 9146x @25 @ 1510y Dar Dy @ 5o, W g

+e(l)éB[Ti0)+T§0)]/BA}rds+Za[mil)&X+w;l)&y]BT;O)/BA (B-24)

Imperfection shape proportional to buckling mode., - In this case, one
obtains from the definition of F(l)(ul,ul)

o = k[F(l)(ul,ul)—{ol—H[L Ctou) 1Ly @l ] (B-25)
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The second functional in the brackets specializes to

{°1“H[L11(“3’“1)]}'Lll(“él)*’ul)

- nf{[Til)—Cx(O)x(l)]x(l)+[T§§)—Gx(0)w(l)]w(l)}ax(o)/axrds
S .
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APPENDIX C
COMPUTER PROGRAM USER'S MANUAL

A postbuckling computer program has been written in CDC FORTRAN 2.0
language to run under the SCOPE 3.0 operating system. It requires a core
space of approximately 62400g words and operates in the OVERLAY mode. The
program is used to determine the initial postbuckling behavior and imperfec-
tion sensitivity of unique bifurcation buckling modes of discretely ring-
stiffened orthotropic elastic shells of revolution subjected to axisymmetric
torsionless loads.

General Description of Program Capability

At each meridional station the shell wall may consist of as many as
five orthotropic layers, in each of which elastic properties may vary
only in the meridional direction. At each material point the shell is
assumed to possess orthotropic principal axes in meridional and
circumferential directions. All geometric and mechanical properties of
the structure are assumed to be axisymmetric, but may have arbitrary
meridional variation. Live normal pressure fields, including meridional
and normal pressure gradients, are treated. The shell may be stiffened
by:

(1) wup to 32 interior rings, for a maximum total of 34 rings including
two edge rings,

(2) stringers, whose stiffness is circumferentially distributed, and

(3) an elastic foundation attached to the shell wall,

Input Data

The input data consists essentially of: (1) a case title card and
a case option card, (2) input tables giving basic structural data as a
function of meridional distance, (3) a prebuckling data deck (generated by
a nonlinear prebuckling program), (4) a buckling mode data deck (generated
by a buckling program), (5) discrete ring data, and (6) general boundary
condition matrices. Each of these types of input are described further
below.
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Case title and option cards. — The first card of each case is a title
card, on which any short description of the problem may be punched in
standard alphanumeric symbols in the first 72 columns. The second card
of each problem is a case option card (see Figure 2). Besides giving the
relative error tolerance for the forward integration routine, and providing
an indicator for the calculation of K* and B (which require an enlarged
prebuckling data deck), this card allows, in a sequence of problems,
groups of data to be taken from the preceding problem. Columns 6, 8, 10, 12,
14, 16, 20, 76, and 78 are input as either blank or 1. Columns 48-59 are read
in E12,.4 format. This data has the following meaning.

Col. 6 blank: geometry (Table 1) taken from previous case
1 : new geometry to be input
Col, 8 blank: wall properties (Table 2) taken from previous case
1 ¢ new wall properties to be input
Col. 10 blank: foundation moduli (Table 3) taken from previous case
1 : mnew foundation moduli to be input
Col. 12 blank: stringer properties (Table 4) taken from previous
case
1 ¢t new stringer properties to be input
Col. 14 blank: pressure gradient (Table 5) taken from previous case
1 ¢ new pressure gradient to be input
Col. 16 blank: prebuckling data taken from previous case
1 : new prebuckling data to be input
Col. 20 blank: all boundary data taken from previous case
(col. 5 of Table 1 does not apply)
1 ¢ col, 5 of Table 1 controls input or generation

of boundary conditions

Cols. 48-59 relative error tolerance for variable step Runge-Kutta
forward integration subroutine

Col, 76 blank: KX* and B not computed (if col. 16 = 1, input standard
prebuckling data deck)

1 : K* and B computed (if col. 16 = 1, input enlarged
prebuckling data deck)
Col, 78 blank: abort run if subinterval length criterion is
exceeded
1 : print diagnostie but continue execution if

subinterval length criterion exceeded
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If the indicator 1 is used for Tables 3, 4, or 5 and that table is absent
from the corresponding case deck, it is assumed that that table does not
apply (i.e., it will be set to zero). Tables 1 and 2 can be omitted only
if the corresponding indicator is left blank. As an example, columns 6
through 20 are left blank if the previous problem in a sequence of problems
corresponds simply to a different buckling mode of the same structure based
on the same prebuckling data. A means for taking individual boundary data
from the previous case is provided by column 5 of the geometry table cards
(see below). A relative error tolerance of 0.0l is usually adequate,
although if columns 48-59 are left blank, the value 0,001 will be used.

Input tables. — Five different basic tables may be input (See Figure 3).
These tables are listed below with the input variables in parenthesis. All
of these variables are input in E12.4 format. Each card of each of these
tables prescribes data at one point of the shell meridian.

Table
1 Geometry (s, r, r', r/Rz)
2 Wall properties (El, E2, E12’ Vs h)
3 Foundation moduli (kl, kz, k3)
4 Stringer properties (NEA, NEI, NGJ, z)
5 Pressure gradient (3p/dx, 3p/dy)

Table 5 is used only with a live pressure field.

Geometry: In order to define the geometry of a reference surface, a
coordinate system must be established.,* A right-handed (s,¢,2) coordinate
system is used, where s measures meridional arc distance from an arbitrary
reference point (e.g., a shell edge), ¢ measures circumferential angle from
an arbitrary reference meridian, and z measures normal distance from the
reference surface, The sense of coordinate directions is immaterial as
long as they form a right-handed triad., 1In the following discussion the
shell inner surface will mean the shell surface where the positive
z=direction points into the interior of the shell wall,

*For the purpose of defining shell geometry, the reference surface
is usually taken as the shell middle surface, However, it is within the
accuracy of thin shell theory to use any convenient surface within the
shell wall,
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Each card of this table gives the values of s (columns 13-24), r (columns
25-36), r' (columns 37-48), and r/Ry (columns 47-60) at one point of the shell
meridian. As shown in the diagram, r is the (minimum) distance to the axis
of revolution, and Ry is numerically equal to the distance along a surface
normal measured to the axis of revolution; furthermore, r' = sin v and
r/Ry = cos y. By convention, r is always positive, but Ry is positive only
if the positive z-direction points away from the axis of revolution.

4
X P
?®
MERIDIAN
Ry
[y s AXIS OF REVOLUTION

Two consecutive cards in Table 1 with the same values of s and r
define a point of subdivision of the shell meridian. The first card prescribes
data immediately l.efore the subdivision point and the second card prescribes
data immediately after the subdivision point. Thirty-two such points are
allowed, A subdivision point is required at the location of:

(1) an interior ring or other elastic attachment,
(2) a circumferential line load,

(3) a meridional discontinuity in input data (e.g., the juncture of
a cone and a cylinder or a change in the number of wall layers), and

(4) a fictitious boundary inserted to limit subinterval length.

Fictitious boundaries should be inserted according to the rule-of-thumb

ag<3(r ¢ )i/?
av av

where A¢ is the axial subinterval length, and ryy and t,, are the average
radius and thickness over the subinterval considered.* This requirement

"7 %It is often easier to use the alternate criterion As<3(R2avtav)l/2.
For orthotropic layered shells these criteria may be applied with t
replaced by (12DS/C¢)1/2, where Dg is the meridional bending stiffness and
C¢ is the hoop stretching stiffness,
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is necessary to control numerical round-off error. If a subinterval is
too long, the problem will be aborted (if col.® 78 of the case option card is
blank) and an appropriate diagnostic printed.

In addition to the basic geometrical data, supplemental data is input
on the geometry cards in columns 1, 3, 5, and 10-12. Columns 1 and 10-12
have a similar function for each of the tables, Column 1 is used primarily
for table identificatiaon. The first card of Table 1 should have the
identifier 1 in column 1, Each card of Table 1 (and of the other four
tables) must have an entry number (<100) right adjusted in columns 10-12,
The entry number starts at 1 at the initial shell edge and increases by
whole number amounts on each succeeding card. If for two consecutive
cards of Table 1, the entry number increases by more than unity, s, r, r',
and r/Ry are automatically generated for the intervening entry numbers by
linear interpolation with respect to the entry number. This process of
interpolation may be suppressed by repeating the table number in column 1
on the second card (see page 48). The entry number also serves to relate
data between different tables to the same meridional point.

Each subinterval should have at least one interior point, i.e., the
entry numbers of the initial and final point of each subinterval should
differ by at least 2., Also, interior points within each subinterval should
have equal s-spacing, although the spacing may be different for different
subintervals, Note that in Table 1 only interior points of each subinterval
can be interpolated points, since a point of subdivision is defined by in-
putting two cards for it., The actual number of cards input for Table 1
is therefore determined by the number of subdivision points and the degree
of variation of the functions r, r', and r/Ry in each subinterval. For
example, for a cone only two geometry cards are required if no points of
subdivision are necessary, However, in order to describe the response
functions (and possibly input functions of other tables) accurately, many
more than two points are required, This is easily accomplished by using
an appropriate entry number for the second card.

Columns 3 and 5 of the geometry cards pertain to boundary conditions
and are discussed under that heading.

Wall properties: This table is composed of separate subtables, one
for each layer, Each card corresponds to one value of s for one layer and
gives the value of

E1 (columns 13-24) meridional modulus of elasticity

Ey; (columns 25-36 circumferential modulus of elasticity

Ey9 (columns 37-48) shear modulus

vi1 (columns 49-60) Poisson's contraction ratio with T, acting
h (columns 61-72) layer half-thickness
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In addition to the table number 2 in column 1 for the very first card
of the wall layer tables, the first card of each subtable must have the
layer number in column 7. Wall layers are numbered in the direction of
increasing z starting with unity for the layer at the shell inner surface.
It should be noted that layer numbering is done locally, so that a given
continuous physical layer may have a different layer number at different
locations on the meridian. However, since the number of layexs can only
change at a subinterval boundary, layer numbering is unique in each
subinterval.

In the case of layer subtables of Table 2, and also Tables 3 - 5, if
for two consecutive cards the entry number increases by more than unity,
data for the intervening entry numbers are automatically generated by
linear interpolation with respect to the s-values corresponding to the
intervening entry numbers., For this purpose, it is necessary that Table 1,
which cortains the s-values, be input fiirst. As with Table 1, the interpola-
tion may be suppressed by repeating on the second card the tablz number in
column 1 or, in the case of Table 2, the wall layer number in column 7.
This would be done, for example, at the first entry of the second portion
of a disjointed layer. Note that in contrast to Table 1, data cards for
Tables 2 - 5 corresponding to interior points of subdivision may not be
necessary.

Foundation moduli: It is assumed that an elastic foundation produces
force components per unit area on the shell in s, ¢, and z directions which
are proportional and opposite to the local displacement components in s, ¢,
and z directions, respectively. The constants of proportionality (foundation
moduli) for s, ¢, and z directions, denoted by k] (columns 13-24), ky(columns
25-36), and k3 (columns 37-48), respectively, are input on one card for each
value of s. The tangential forces associated with ki and k, also produce
small surface moments by virtue of the assumption that they act at the
shell inner surface.

Stringer properties: Stringers are treated by circumferentially
"smearing—out" their stiffness. In so doing it is assumed that at each
meridional station the stringers are equally spaced around the shell
circumference. For this approximation te be accurate it is necessary
to have several (more than 2) stringers for each circumferential wave of
the response. Since the harmonic 2n, plays a role in the second-order
postbuckling state, there should be, at the minimum, a number of
stringers equal to 4 times the harmonic of the buckling mode being studied.
Each card of 'this table contains the following stringer section properties
at one point of the shell meridion:

NEA (columns 25-36) total extensional stiffness of all stringers

NEI (columns 37-48) total normal bending stiffness of all stringers
(I taken about circumferential centroidal axis)
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NGJ (columns 49-60) total torsional stiffness of all stringers

z (columns 61-72) normal eccentricity of the stringer centroid
measured from the shell inner surface, positive
in the direction of the positive z-axis.

Pressure gradient: This table is used only in connection with loading
by a live normal pressure field. Each card corresponds to one value of s
and contains the values of

op/3x (columms 13-24) pressure derivative in the axial direction
op/dy (colums 25-36) pressure derivative in the radial direction

The pressure distribution p is considered positive if acting in the
positive z-direction. Note that the actual pressure is Ap. The positive
x and y directions are defined on page 47.

Prebuckling data. — Immediately following the input tables there should
be a card with a 9 punched in column 1, but otherwise blank. This "nine"
card separates the input tables from the prebuckling data, which immediately
follows the "nine" card. The prebuckling deck consists of a standard part,
which is always input if col. 16 of the case option card contains a 1, and
an optional part input only if column 76 of the case option card contains a 1.

Standard prebuckling deck: The standard prebuckling deck is composed
of three basic parts: (1) nonlinear state data at some load level X ,
(2) linear perturbation state data about Ay and (3) pressure field Cards.
The number and format of these cards are summarized below,

Nonlinear state: This state consists of the following cards:

(1) a single load card containing the load level A (columms 1-12)
in F12.0 format, and a live load indicator in column 14. If
column 14 is blank dead loads are assumed, if in column 14 is a
1, live pressure loading is assumed.

(2) ring stress resultant cards: [224—5%;12£H§2] * cards required,

Each card, except possibly the last card, contains six prebuckling
hoop forces T¢ for six consecutive rings in the format 6(2X, Ell.4).
The rings are ordered in the direction of increasing s,

(3) shell stress resultant cards: [max. entry no. 1 cards required.

Each card, except possibly the last card, contains three pairs
(T1,Ty) of stress resultants at three consecutive entry points
in the format 3(2X, 2E11.4).

*[x] denotes the smallest integer > x
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[max. entry no.

(4) meridional rotation cards: 1 cards required,
Each card, except possibly the last card, contains six values of
x at six consecutive entry points in the format 6El2.4,

Linear perturbation state: This state is represented by cards of the
types 2, 3, and 4 above in the same order and format but with the state
variables at A, replaced by their derivatives with respect by X at A,.

Pressure field cards: This set of cards is in the same format as the
cards of type 4 above with the meridional rotation A replaced by the normal
pressure p corresponding to the values used to determine the prebuckling
state. Although these cards are only used for live pressure loading, they
must be in the prebuckling state deck in all cases,

Optional prebuckling deck: The optional prebuckling deck, if called for
by a 1 in column 76 of the case option card, follows the standard prebuckling
deck and is needed for three purposes:

(1) to compute the initial postbuckling stiffness K¥*
(2) to compute the second imperfection parameter B

(3) to correct the linear perturbation state at Ag to the bifurcation
lead X,, thereby improving the value of the functional F(l)(ul,ul) used in
the evaluation of b, a, and B.

This deck is composed of four parts, all of whose variables are
evaluated at A (1) nonlinear and perturbation out-of-plane ring
bending moments (MX’ aMy/aA), (2) nonlinear and perturbation shell bending
moments (Mj, aMl/a » My, BMZ/BA), (3) the second-order perturbation state
(3%14/522,5211 /822,021, /322,52/322), and (4) the prebuckling stiffness
and its derivative (KO,BKO/BA). The number and format of these cards are
summarized below.

(1) Ring bending moments: [Ro2 i S] cards required, Each card,
except possibly the last card, contains 4 pairs (My, My/aA) of ring moments
for four consecutive rings in the format 4(2E10.,0).

(2) Shell bending moments: [ Rax. entry BO-1 cards required, Each

card, except possibly the last card, contains 2 quadruples (Ml,aMI/aA,Mz,
3Ms/3)) of shell bending moments at two consecutive entry points in the
format 2(4E10.0).

(3) Second-order perturbation state: This set of cards is completely

analogous to the linear perturbation state deck discussed above with second
derivatives with respect to X replacing the corresponding first derivatives.
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(4) Structural stiffness card: This is a single card with Ky and
BKO/BA in the format 2E12.4.

Buckling mode data. ~ This deck follows immediately after the
prebuckling data deck., The first card of this deck gives the following
three quantities:

(1) the harmonic number n, of the buckling mode in the first six
columns in the format F6.0.

(2) An indicator, applying only in the (unusual) case n_, = 0, in
column 12; if 1, indicating a bending buckling mode; if 2, inﬁicating a
torsional buckling mode. This indicator has no effect on the program if nc#0.

(3) the difference between the bifurcation load level and the
nonlinear prebuckling state load level, A.-Ay5, in columns 13-24 in the
format E12.0.

The remaining cards of this deck give the values of the fundamental
variables P, Q, S, M;, &, n, v, X (for sign convention, see page 47) of the
buckling mode at each entry point. The number of these cards equals the
maximum entry number, and each card gives all eight values for each point
in the format 8E10.0.

Boundary conditions. — The boundaries of the shell are defined as the
two shell edges plus all interior subdivision points. As discussed
previously, the interior boundaries are specified in the geometry table by
repeating the same value of s on two consecutive cards. A set of boundary
conditions must be determined for each boundary. In general, each set of
boundary conditions is expressed by four equations relating four basic
force variables to four corresponding displacement variables. In matrix
notation, these four equations may be written as [B]Aa{y}+[D]{z} = {L},
where {y} is the column force vector (P, Q, S, M;), and {z} is the column
displacement vector (£, n, v, X). At an interior boundary s = Si»

A{y} represents the change in {y} across the boundary,* i.e., A{y} =
{y}| -{y}| At the initial edge, A{y} denotes simply {y}, whereas at
Si+0 Si—O.

the terminal shell edge A{y} denotes -{y}. Four types of boundaries are
treated, and for three of these (force-free, rings, and dome closures), the

*The continuity of the displacement vector {z} at an interior boundary
is automatically enforced by the program,
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4x4 matrices [B] and [D], and the vector {L} are automatically generated by
the program. The fourth type of boundary is a more general type, for which
the [B] and [D] matrices themselves may be input. In this case, however,
it is assumed that {L} is a null vector,

For the purpose of defining the sign convention of the above forces and
displacements, it is convenient to define positive axial (x) and radial (y)
directions as follows (see diagram).

Q, 71
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The positive x~direction is acute to the positive (negative) s-direction
if the positive z-direction points away from (towards) the axis of
revolution, The positive y-direction always points radially away from

the axis of revolution. Then, £, n, v are positive if in the positive

X, ¥, ¢ directions; and x is positive if its vector points in the positive
¢-direction. The same rule applies to the forces P, Q, S and moment M,
acting on a normal section with outward normal pointing in the positive
s—direction. The reverse is true for forces and moment acting on a normal
section with outward normal pointing in the negative s-direction.

The boundary type is specified by an indicator in column 5 of the
geometry table cards. This column applies only at the initial entry of
each subinterval and the final point of the shell. The code for column
5 is given below.

Column 5 Type of boundary Input data required
blank force~-free (aA{y} = 0) none

1 ring ring data

2 prescribed [B] and [D] [B], [D]

3 boundary data taken from none

previous case

4 dome closure none
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Although the column 5 indicator is input on cards of Table 1, it should be
thought of as a separate table within the computer. In a sequence of cases,
in order to change the type of a boundary, it is necessary to re-input the
complete geometry card corresponding to that boundary, repeating all the
geometrical data. As an example, if three cases of three different buckling
modes of the same ring-stiffened structure are to be run in succession, it
would be desirable not to have to re-input the ring data for the second and
third cases. This can be accomplished simply by leaving column 20 of the
case option card blank., But if, instead, the properties of one ring varies
from case to case, a 1 would be required in column 20, The data for the
remaining rings would still not have to be re-input if for the second case
the geometry cards corresponding to those ring boundaries are re-input, each
with a 3 in column 5.* Each of these cards should also have a 1 in column

1 to suppress interpolation at the intervening entries (which would cause
erroneous geometrical data to be generated)., A 3 in column 5 simply changes
the sign of corresponding value in the stored column 5 table, and the
so-formed negative values cause the boundary data to be taken from the
previous case. Therefore, in the third case of the sequence, no geometry
cards should be input, since in this case a geometry card with a 3 in

column 5 would make the stored value positive again, and the machine would
expect the ring data to be input. The code 3 in column 5 should only

be used if the previous case contains a 1 or 2 in column 5 for the cor-
responding boundary.

If the shell has a dome closure, the geometrical data is input only
up to an artificial edge of small radius, which may be the initial or
terminal edge of the model shell., A 4 is then inserted in column 5 of
the geometry table card corresponding to this boundary. This causes
boundary conditions to be generated which represent the effect of the
small deleted cap (see Appendix A)., Since these boundary conditions are
correct only to first-order in the radius of the artificial edge, it is
necessary that this edge be suitably small. It is found that good accuracy
is obtained if at this edge r/szp.OS. For a plate, this condition may
be replaced by r/rojp.OS, where r, is the outer radius of the plate. It
should be noted that the edge radius r cannot be decreased arbitrarily
since execution time increases without bound as r»0,

Column 3 of geometry table cards applies only at the initial entry for
the first and second subintervals, It has the following two functions:

(1) At the initial entry of the first or second subinterval, to
specify artificial riglid body constraint necessary for the solution of the

*Since in this case the geometrical data is not being changed, column 6
of the case option card should be left blank,
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axisymmetric portion of the second-order postbuckling state., The use
of column 3 for this purpose depends on the following two conditions:

(A) The shell loading includes live normal pressure with r'ap/dx
not identically zero in the first subinterval,

(B) The quantity (r')2T§O)+T§O)—(r2/R2)Acp

is identically zero in the first subinterval, where the last term of
the above expression is omitted for dead loading.

Note that in most cases neither condition is satisfied [condition (B),
e.g., is satisfied for a membrane prebuckling state of a cylinder with
live normal pressure loading].

The rules concerning this use of column 3 are the following:

(i) If condition (A) is not satisfied, then axial rigid body
constraint is required at the first or second boundary. This may already
be supplied by the real constraint £ = 0, if it exists at the first or
second boundary. However if not* (e.g., at the first boundary may be a
ring and the second may be force-free) then one of these boundaries must
be free of axial force and the geometry card at that boundary should contain
a 4 in column 3, Furthermore, it is essential that at that boundary the
first boundary condition (corresponding to the first row of [B] and [D])
should be AP = 0, as is the case for an internally generated force-free
boundary. Note that it is always possible to make the second boundary a
force-free boundary by inserting it as a fictitious boundary.

(ii) If condition (B) is satisfied in the first subinterval, then
rotational rigid body constraint is required at the first or second boundary.
This may already be supplied by the real constraint v = 0 if it exists
at the first or second boundary. However, if not, then one of these
boundaries must be free of circumferential force and the geometry card at
that boundary should contain a 5 in column 3., Furthermore, it is essential
that at that boundary the third boundary condition (corresponding to the
third row of [B] and [D]) should be AS = 0, as is the case for an
internally generated force-free boundary.

If both artificial translational and rotational constraint are
required at the force-free boundary, column 5 of the geometry card for
that boundary should contain a 6.

" *None of the internally generated boundary conditions supply rigid
body constraint.
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(2) A second use of column 3, applying only at the initial edge
of the shell, pertains to shells which have a plane of symmetry about which
the loading is also symmetrical. In such a case, the prebuckling normal
deflection function is an even function about the plane of symmetry, the
buckling mode normal deflection may be even or odd, and the second-order
postbuckling normal deflection is even. Also, the computer time can be
reduced (and possibly more accurate results obtained) by modeling
only one-half of the shell, To avoid difficulties with the axisymmetric
problem, the plane of symmetry should be .set up as the initial edge of the
model, since the rigid body constraint £ = 0 is a symmetry condition. If,
in addition, a ring (of symmetrical cross-section) is attached at the
plane of symmetry, the problem can be run simply by inputting the real
ring properties (see below) and inserting either an 8 or 9 in column 3
of the first card of the geometry table. It is important to note that in
this case the prebuckling and buckling ring hoop forces for this ring
transmitted to the program in the prebuckling and buckling data decks
should be only one-half of their actual values.

Ring data: Ring data for ring boundaries specified by a 1 in column 5
of the appropriate boundary cards of the geometry table are input immediately
after the buckling mode data deck, The ring reactions are assumed to
enter the shell at the corresponding. point of subdivision. For each ring,
the ring data is input on two cards in the format 6E12.4 (see Figure 4),

This data consists of the following section properties:

Card 1: EA (columns 1-12), EIx(columns 13-24), EIy(columﬂs 25-36),
EIxy(columns 37-68), GJ(columns 49-60), z” (columns 61-72)

Card 2: s (columns 1-12)

Here E and G are normal and shear elastic moduli of the ring (assumed
homogeneous and isotropic), A is the ring cross-sectioned area, Ix’ I,
and I, are the moments and product of inertia about the axial_and radial
centroidal axes (see page 47), J is the torsion constant, and s and z

are the coordinates of the ring centroid with respect to local s, z

axes with origin at the intersection of a normal shell element through
the point of subdivision and the shell inner surface (see diagram).

POINT OF SUBDIVISION e REFERENCE SURFACE

INNER SURFACE

z NEGATIVE AS SHOWN
s POSITIVE AS SHOWN
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For each ring the pair of ring cards is input in the same order as the rings
are encountered when the shell meridian is traversed starting at the initial
shell edge.

Prescribed [B] and [D] matrices: If it is desired to input the
boundary condition [B]A{y}[D]{z} = {0}, corresponding to a 2 in column 5
of the appropriate geometry card, this can be accomplished by inputting the
[B] and [D] matrices. For example, a clamped shell edge corresponds to
[B] = [0] and [D] = [I]. Each set of this type of boundary condition
consists of eight cards, each of the first four cards giving the elements
of the corresponding row of the [B] matrix and each of the second four
cards giving elements of the corresponding row of the [D] matrix (see
Figure 5). Each of these cards should be in the format 4E12,4, For each
such boundary, the set of eight cards is input in the order of occurrence
starting at the initial shell edge. These cards follow immediately after
the ring data cards and complete the input data deck.

Input Deck Set-Up

As a convenience to the user, seven types of input sheets are supplied
(Figures 2 to 8), which may be used as an aid in setting up the input deck,
These sheets are essentially self-explanatory and represent a condensation
of the preceding discussion.

As mentioned previously, it is common to examine the imperfection
sensitivity of several buckling modes in one pass through the computer.
This is accomplished by stacking several cases in sequence. For each
case of a stack, a minimum of three cards in addition to the buckling mode
data deck is always required. These are the title card, the case option
card, and the '"mine" card signifying that no more input tables are to
be read.

In order to illustrate the deck set-up, let us assume that three
buckling modes have been obtained using the same prebuckling data,* and that
we wish to evaluate them in one computer run. Figure 9 shows the deck
set—up for this type of problem., The case option card of the first case
should have a 1 in each of columns 6, 8, 10, 12, 14, 16, 20, If
Tables 3, 4, or 5 are missing from the following table data deck, they
will automatically be interpreted as not applying (i.e., set to zero).

The set—up shown assumes that column 76 of the case option card contains

*Since the prebuckling data consists of a nonlinear state and a
linear perturbation about it, it is not necessary that a buckling load
coincide with load level of the nonlinear state.
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a 1, since the optional prebuckling data deck is present. Corresponding
to each 1 in column 5 of Table 1 there should be a pair of ring data
cards, and corresponding to each 2 in column 5 of Table 1 there should
be a set of eight boundary data cards. The case option card for the
second and third cases should be left blank in columns 6, 8, 10, 12, 14,
16 and 20, as the corresponding data will automatically be taken from the
previous case. However, in order that K¥ and B be computed, column 76 of
each of these cards should contain a 1,

1f, on the other hand, the buckling modes are based on different
prebuckling decks, the case option card should contain a 1 in column 16
and the corresponding prebuckling decks should be input immediately
after the "nine" card for each case,

Output Data

The output data of the program consists of a print-out of the input
data and computed results. - Since the print-out of the input data is
self-explanatory, a discussion of it here is unnecessary.

The first computed result, printed immediately after the input
boun:.ary data, is the value of the buckling mode inner product. If
the optional prebuckling data is input, this value is corrected for
the difference A.-),, and the corrected value "is printed next
(see page 32).

The next data printed are the computed values of the first and second
imperfection parameters o and B for both the worst impeérfection shape and
a buckling mode imperfection shape.* These are used, along with the value
of the postbuckling coefficient b (if negative), to compute the snapping
load (see Figure 1), In order to show the effect of the terms in the
B-formula which depend quadratically on prebuckling rotations [i.e., the
terms in Equations (B-20) and (B-21) involving the elastic operator H],
for each imperfection shape the value -of B neglecting these terms is also
given. These values are printed on the same line and to the right of the
correct B-values., In the case of the buckling mode imperfection, the
factor relating the root-mean-square angular amplitude to the normal
displacement amplitude is also printed.

This data is followed by tables of the axisymmetric and unsymmetric
components of the second-order postbuckling state, These components are
presented in terms of the harmonic amplitudes of the basic force and

*As noted previously, the computation and printing of 8 is optional
depending on column 76 of the case option card.
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displacement variables of the [y] and [z] vectors as functions of meridional
distance, For the user's convenience, immediately following these tables
the displacement components referred to meridional, circumferential, and
normal directions are tabulated as a function of meridional distance.

After the data for the unsymmetric component of the second-order
postbuckling state, the associated value of the second postbuckling
coefficient b is printed. Finally, if column 76 of the case option card
contains a 1, the values of the prebuckling and postbuckling stiffness
at the bifurcation load are printed.

Sample Problem

In order to illustrate the application of the program to a practical
problem, a listing of the input deck and the output data are presented
below for the N = 6 buckling mode of the 60° sandwich spherical dish of
Reference 19. Each row of the input deck listing is the image of a punched
card, ten columns of which correspond to one inch on the listing.* Note
the 4 in column 3 at the second boundary (i.e., the first card of the
second subinterval), which is required since no real rigid body constraint
exists (cf. page 49). Input geometrical data is specified at intervals
of one degree of meridional arc, with boundaries at two degree intervals.
The spacing between the first and second data points is slightly less
than omne degree since the shell starts at a latitude angle of 10.083°; all
other data points correspond to integral values of the latitude in degrees
up to a maximum of 30°., Because the entry number jumps by four between
successive entries, output points will be spaced at intervals of 0.25°,
Note also that the order of the wall properties subtables for each layer
is immaterial; in this case layer 3 properties were input before layer 2
properties, Only the cards preceding the standard prebuckling data, and
the ring data cards following the buckling mode data were punched manually,
Since the optional prebuckling data deck is included, column 76 of the
case option card (the second card in the deck) contains a 1.

~ #In order to clarify the input data deck, explanatory comment cards,
each separated from the actual data by a blank card on each side of it,
have been inserted in the listing at the beginning of each group of cards.
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In the output data listings, all data preceding the inner product
value represents the input data.® The remaining data represents
calculated results, Note that for each imperfection shape considered,
two values of B are printed. The first value (reading from the left)
is the correct one, the second value being obtained neglecting terms which
deprnd quadratically on prebuckling rotations. Typically, the effect of
there terms is greater for the maximum o imperfection than for the
buckling mode imperfection.

#The N = 6 critical load of 2,091 shown in the output data is slightly
below the reported minimum value of 2.10 for N = 7 given in Reference 19
because in the structural calculations of Reference 19, a crudely estimated
heatshield weight was included, whereas in the present calculation the
heatshield weight reported in Reference 19 was used.
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TABLE 1 (SURFACE GEOMETRY)

S

4.0106E4+01
4.1062E+01
4¢2017E«01
402973E+01
4.3929E+01
4,4885E+01
4.5841E¢0]
4¢6796E60)
4.T752E¢01
4,7752E+01
44874TE+01
449742E901
S¢073T7E+0Q1}
541732E401
542727E¢01
S¢3721E¢01
Se4716E401
5¢5711E«01
SeS5T11Ee0]
S5e6706E+01
Se7700Ee0]
S+8695€E+01
5+:9690E+01
6+0685E401]
6+1680E401
6e2675E¢01
643670E+01
6+3670E001
604665E401
6¢5659E4+01
6¢6654E401
6eT649E401
648644E+01
649639E401)
740633E401
7.1628E401
7+1628E401
T7+2623E401
T+3618E¢0)
T44613E+01
7+5608E40)
Te6603E+01
TeTS9TE«0!L
T7+8592E+01
7.9587E401
T.9587Ee 0]
8+0582E+01)
8e1576E0]
8+2571E+0]
8¢3566E+01]
8e4561E+01

R

3,9900€+01
4,1032E+01
422164E901
4,3296E+01
4,4428E40]
4,5172E401
4,5916E40)
4,6659E+0)
4,7403E+01
4,7403€401
4,8374E+01
4,9346E+01
5,0317E+01
S,1289E+0]
5,2256E+01
5,3223E401
S,4191E+01
5,5158E¢01
5,5158E+01
5,6121E+01
5.7084E+01
5,8048E¢01
5,9011E¢01
5,9970€+01
6,0928E+0]
6,1887E+01
6,2846E+01
642846E901
6,3799E¢01
6.4753E401
64.5706E+0]
6,6660E401
647609E+0)
6,8558E+01
649508E¢01
7,065TE+0)
7.045TE*0)
7,1400E+01
7.2343E401
7.3287E+01
7,4230E401
7,5168E401
7,6106E+01
7.7063E401
7,7981€%01
7,7981E+01
7.8913E01
7,9845E+0)
8,0776E¢01
8,1708E01
8,2634E+0]

R PRIME

9.8457E=0]
9.8363E=0)
9¢8270E=01]
948176E~01
9,8083E=01
9.8016E~0]
9.?949E-01
9.78682E=01
9.7815E=01
9.7815E~01
9.7720E=01]
9¢T626E=(]
9.7531E~01
9.7437E=0]
9¢7335E-0)
9¢7234E=01
9¢7132€E=01
947030E=01
9+7030E=01
9+6921E=01
9¢6812€=01
9+6702E=01
946593E=01
9.64T6E=0])
946359E=01
9e6243E=01
9¢6126E-01
9¢6126E=Q]
9+6002E=01
9.5878E=01
9¢57S4E=01
9¢5630E~01
9¢5499E~0]
9+5368E=01
9.5237E=01
9+5106E=01
951 06E=01
9+4967E=01
944829E~0])
9¢4690E=01)
9+4552E=01
94¢4406E=01
9e4260E=0]
9e4115€E=01
9,3969€w0]
943969E=01
9.3816Ew=01
9¢3663E=01
9¢3511€=01
9.3358E~01
943198€=0]

R/R2

1,7500E=01
1.,799%6E~p1
1¢8493Ewpl
1,8989E=91
1.9486E=0]
1:9812E=01
24,0139Ew01
2,0465E=0]
240791€=p1
2,0791E=01
2,1217€-01
241643E=ql
242069E=01
2,2495Fe0]
2.2919E=01
243344E=pl
2,3768E=91
244192E=p)
2,4192E=01
244615E=01
2,5037E=91
2,5460E=91]
2,5882E=01
246302E~01
2,6723E-01
2,7143E=9]
2,7564Ewn]
2.7564E=01
2,7982E=01
2,8400E=0]
2,8819E=01
2,9237E=01
2,9653E~01
3,0069E=01
3,0486E=0]
3,0902E=p1
3,0902€=01
3,1316E=0]
3,1729€«p)
3,2143Ewp]
3,2557E~0l
3,2968E=01
3,3380E=91
3.3791E=01
3,4202Ew01
3,4202E=01
J,4611Ex01
3,5019E=01
3.5428['01
3,5837€«01
3,6243E=n]



99

845556E+01
B846551E+01
B847546E+01
BeTSA6E+Q]
8+8541E+01
8.9535€E4+01
9+0530E+01
941525E+01
942520E+01
9¢3514E+01
9¢4509E401]
9.5504E+01
95504E+01
Fe6499E+01]
G T494E+01
9+8489E+01
9:5484E401
1¢0048E+02
1¢0147E«02
1.024TE«02
100346Ee02
1¢0346Ee02
1e0446E402
1¢0545E+02
1+0645E«02
140744E+02
110844E¢02
140943€402
1¢1043E902
1e1142E¢02
1e1142E+02
1¢1242E¢02
1¢1341E002
1+16441E402
1¢1540£402
1e1640E¢02
11739E402
1¢1839E402
1¢1938Ee02

8,3559E+01
8,448S€+01
8,5411£¢01
8,5611£¢01
8,6330E20]
B.7248E001
8,8167E+01
8,9086E401
8,9999E+01
9,0911E¢01
9.1824E+01
9,2737€+01
942737E401
9,3642E401
94454TE+01
9,5452E401
946357E401
9.7255€¢0}
9,8152E+01
9,9050E¢01
9,9948E401
9,9948£401
1,0084E402
1,0173E02
1,0262E402
1,0351E+02
1,0439E+02
1,0527€02
1.0616E902
1,0706€£+02
1,0706E%02
1,0791E¢02
1,0879E+02
1,0966E902
1,1054E02
141140E02
1,1227€402
1.1313E¢02
1,1600€¢02

9+3038E~01
9+2878£=01
9+2718E=01
9.2718E=01
9+2551E=01
9.2384E=01
9.2217E~01
9+2050E=~01
9.1876E=01
941702E=01
9.1529E%01
9,1355€~01
9.1355Ew01
9+1174E=0]
940993E=01
9.0812E=01
940631E=01
9+0443E0]
9.0255E~01
9+0067E=01
849879E~01
849879E=0]
849684E~01
809490E~01
8.9296E=01
8+9101E=01
848900E~0]
848698E-01
848497EmQ1
8.8295E=01
848295E=01
848087E=0]
847879E=01
847670E~01
B4 7462E~01
Be7267Ew0]
847032E=01
846818E=01
846603E=01

3, 549E=p]
3,7055E~01
3,7461E=01
3.T461E=pl
3,7864E=01
3,8267E~01
3,8670E=01
J,90T3IE+D]
3.9473E=01
3,9873E=01
4,0274E=01
4,0674E=pl
4,0674E=01
4,1071EeQ]
4,1468E=0]
4,1865E=-91
4,2262E=01
4,2656E=01
4,3050E=01
4,3443E=0]
4,3837E=01
4,3837E=0l
4,4228Em01
4,4618EwQ])
4,5008E«0]
4,5399E=01
4,5786E=9]
4,6173E=90]
4,6560E=0]
4,6947E=01
6,6947E=01
4,7330Ew01
4eTT14E=01}
4,8097E-pl
4,8481E=p1
4,8861E=01
4,9240E=01
4,9620E=01
5,0000E=01
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TaBLE 2

(WALL PROPERTIES)

440106E+0])

441062E+01

4,2017E401

442973E+01

4,3929E+0]

4 ,4B85E+01

4,5841E+01

4,6796E+01

4.7752E+01

4,7752E+01

44B747E+01

4¢9742E+01

5.,0737E+01

541732E+01

5.2727E+0]

5.3721E401

S544716E4+01

El

9,3500E¢06
“0e
9.3500k 006
943500E+06
Oe
9,3500E+06
9+3500€406
0
9,3500E06
9.3500E+06
0-
9.3500E406
9,3500E006
0
9.3500E406
9,3500E4+06
0-
9.3500E¢00
9+3500L+06
Ol
9.3500E+06
9,3500E+06
0!
9.3500E+06
9:3500E406
0.
9.3500E4006
943500E4006
0.
9.3500E406
9,3500E406
O.
943500E+06
943500E406
0
9.3500E'00
9.3500E+06
OI
9.3500E06
9,3500E+006
0e
9.3500E+06
943500E%006
OI
9,3500E406
9,3500E¢006
0.
9,3500E+0b
9.3500E¢00
Oe
943500E¢08

E2

943500E406
-0.
9.3500E+06
943500E¢06
0.
943500E+06
943500k ¢06
0-
9.3500E406
943500E406
0.
943500E+06
9+3500E406
0'
943500€406
943500€+06
0.
9+3500E+06
943900E406
0o
9+43500E+06
9,3500E+06
‘D)
9.3500E406
943500E406
Qe
943500E006
943500E406
0o
9.3500E+06
943500E406
O.
9.3500E«06
9¢3500E+06
0|
943500E406
943500E¢06
0.
943500E406
943500E+06
OI
9+3500E406
9¢3500E406
0.
9.3500E+06
9:3500E+06
Ol
943500E406
943500E+06
Ol
9.3500E+06

€12

3.5400E406
=0
3.5400E06
3.5400E406
0o
3+5400E406
345400E406
OI
3.54¢00E406
3.5600E406
0'
3.5400E«06
3456400E406
0.
3.5400E«06
345400E406
0‘
3.5400E+06
3.5400E406
Os
345400E+06
3,5400E+06
0
345400E+06
3¢5400E«06
0'
3.5400E406
3+45400E406
0'
345400E406
3.5400€E406
0.
345400E406
345400E£406
O
3.5400E406
345400E¢06
0'
3.5400E406
3¢5400E406
0.
3.5400E4+06
3456400E406
0.
3.5400E406
3.5400E+06
0.
3.,5400E+06
3¢5400E+06
0.
3¢5400E406

NU1

3.2000E~-01
=0
3,2000E=01
3.2000E=01
0,
3,2000£-01
3.,2000E~01
Oe
3,2000E~01
3.2000E=01
0o
3,2000E~01
3,2000E=01
0.
3,2000E~01
3,2000E=01
0o
3,2000E=-01
3,2000k=01}
0,
3.2000E~01
3.2000E=01
0
3,2000E=01
3.2000E=01
0
3.2000E=01
3.2000E~01
De
3.2000E=01
3.2000E~01
0.
3,2000E=01
3,2000E~01
0o
3.2000E-01
3.2000E~01
Oe
3,2000E=01
342000E=01
O
3,2000E=01
3.2000E=01
0.
3,2000E=01
3,2000E=01}
0
3,2000E=01
3.2000E=01
0.
3.2000k=01

840000E-03
4+3000E«01
8.0000E=-03
B40000E=03
443000E-01
B+0000E-03
8¢0000E=03
4¢3000€E=-01
8¢0000E=-03
8+0000E~03
4+3000E=01
8+0000E=03
840000E=03
4e3000E=01
8¢0000E=03
840000E=-03
4¢3000E=01
B8+0000E=03
8¢0000E=03
4¢3000E-01
Be0000E~03
840000E-03
4:3000E=01
B8¢0000E=03
840000E=03
4¢3000€=01
810000E'°3
840000E~03
4¢3000E=~01
8+0000E~03
B+0000E~03
443000E-01
8-00005'03
8+0000E=-03
443000E=01
8.0000E~03
840000E=03
4+3000E=~01]
8¢0000E=03
8+0000E~03
4¢3000E~01
8+0000E~03
8¢0000E=03
4+3000E~01
840000E~03
840000E~03
4¢3000E~01
8+0000E=03
8.0000E=-03
4+3000€E=-01
840000E-03



89

Se5711E+01

5.5711E+01

S5¢6706E+01]

S.7700E+01

5,8695E+0])

549690E+01

6,0685E+0]

6,1680E+0]

6,2675€E+01

6,3670E+0}

6,36T0E+0Q1

6,4665E+0]

6,5659E+01]

6,6654E+0]

6,T649E+0)

6,B644E+0]

6.9639E+0]

7.0633E+01

T41628E+01

9+3500E+06
Qe
943500E+00
9¢3500E¢06
0'
9.3500E+06
9+,3500E« 06
0o
9.3500E«00
943500Ev006
0o
943500E+006
943500E¢06
Qe
9+3500E+06
9,3500E¢06
Qe
943500E+06
993500E006
O
9¢3500E+006
9.3500E+006
Qe
9.3500E+06
9+3500E+006
O
943500E 006
9.3500E+06
Qe
9+3500E+006
9+3500E+006
Oe
9+3500E+06
9¢3500E406
Qe
943500800
9.3500E+06
Oe
9.3500E+06
9,3500£406
0.
9.3500E+006
9,3500E406
Oe
943500E+00
943500E+00
0.
9+3500E4¢06
9.3500E+06
O
9+3500€408
9.3500E+06

Qe
9¢3500E+06
9,3500E+06

O
943500E¢00

9¢3500E406
OI
943500E406
9+3500E406
Qe
943500E+06
9+ 3500E+06
0o
943500E406
9¢3500€+06
0l
903500E+06
943500E406
O
9¢3500£408
9,3500E406
O
9¢3500E406
943500E+06
0o
9.3500E406
9¢3500E006
O
943500E406
943500E+06
O
24¢3500E406
9¢3500E+06
0. °
943500E406
943500E406
0O
943500E+06
943500E406
Oe
943500E406
943500E406
O
94¢3500E+06
9.3500E+06
°'
943500£406
9.,3500E4+06
04
94¢3500E+06
943500E406
°l
9¢3500E+06
9+3500E406
O'
9+3500£406
94¢3500E+06
O
943500E406
943500E406
OI
9¢3500E406

345400E+06
Oe
3+5400E+06
3.5400E4+06
Oe
3¢540Q0E+06
345400E406
0
3+5400E406
3.5400E406
'O
345400E406
3¢5400E406
Oe
3¢5400€406
345400E406
Qe
3+5400E 06
3+5400€406
Oe
3+5400E+06
345400E406
0
3.56400E+06
3.5400E4+06
O
*¢5400E406
3.5400E+06
[V
305400406
3.5400E406
O
354008406
345400E+06
O
3.5400E406
3+5400E406
0.
3+5400E+06
345400E+06
Oe
3.5400E406
3.5600E4 06
0.
3«5400E+06
3+5400E+06
O
345400E406
345400E406
0
3.5400E+06
3+.5400E+06
0
3.5600E406
345400E406
Qe
3+5400E+06

3.2000E=01
Ne
3.,2000k=01
3,2000E=0Q1
Oe
3.2000k=01
3.2000E=~01
Oe
3.2000E~01
3,2000E=01
0-
3.2000E=0]
3.2000E-01
0.
3,2000E=01
3.2000E=01

0.
3.2000E=01
3.2000E=01
Os
3.2000E=01
3,2000E=01
O
3.2000E~01
3.2000E=01
0«
3,2000E=~0;
3.,2000E~0)
O
342000E=01
3,2000E=01
Oe
3,2000€-01
3,2000E=01
O
3.2000E-01
3.2000E~01
Oe
342000E=01
3,2000E=-01
0.
3.,2000E=-01
3,2000E=01
0.
3,2000E=01
3,2000E~01
0o
342000E~01
3.2000E=01}
Oe
3.2000E=01
3,2000€~01
Oe
3,2000E=-01
3.2000E=01
O
342000E-3.

840000E=-03
4+3000E=-01
8.0000€E=03
8+0000E=03
4e3000E-01
840000E~03
8+,00NNE=03
4<3000E=01
840000E~03
840000E-03

4¢3000€E=01
840000E~03
840000E=-03
443000E-01
840000€E=-03
B8+0000E=03
443000E~01
B¢0000E~03
840000E~03
4e3000E=0]
8¢0000E-03
840000E«03
443000E=01
840000E=03
8.0000E~03
6¢3000E=01
840000E=23
8+0000E~03
443000E~01
840000E=03
840000E=03
443000E=01
340000€E=~0"
840000E=03
403000E~D)
8+0000E=03
840000E~03
4¢3000E=9]
840000E=CY
840000E=03
4+3000E-01
840000E=03
8,0000E=03
6'30005'01
8.0000E=03
840000E~03
%¢3000€E=0)
8+0000E=03
8+.0000E=03
4+3000€=01
8+0000E=03
840000E~03
4+3000E=0]
Be0000E=03
8+0000E~03
443000E=01
840000E=03



69

T.1628E+01

7.2623€+01

743618E+01

T.4613E401

7.5608E+0]

Te6603E+01

T.7597E+01

7.8592E401

7,958TE+01

7.9587E+01

8,0582E+0]

8,1576E+0]

8,2571€+01

8,3566E+01

8,4561E+01

8,5556E+0]

8,6551E+01

8,756406E4+Q)

B,7546E+01

9+3500E+00
O
943500E+00
9.3500E+06
O«
943500E+06
9+3500E+06
0o
943500E4006
943500E+06
O
943500E+06
943500E+06
0s
9.3500E+06
943500E+06
0.
9,3500E+06
943500E+06
Qe
94+3500E+086
943500E¢ 06
0.
9¢3500E406
943500E400
0.
9+:3500E+00
9.3500E+00
Qe
943500E+06
943500E+006
Qe
9.3500E+00
9,3500E+06
[«
9.,3500E¢+06
9.,3500E+06
0.
9+3500E400
9,3500E4006
O
943500E¢00
9+3500E+06
O
9.3500E+06
9.3500E¢06
O
9.,3500E¢006
943500E4+00
O
9+3500E+06
9.3500E+08
Oe
9,3500E406
9,3500E406

[ix}
943500E¢06

9¢3500E+06
OO
9.3500E+06
943500E406
0o
943500E+06
943200E¢06
Ol
94,3500k +06
9.3500E+06
0'
943200£406
9¢3500E406
0l
943500E+06
9¢3500E406
0.
9.3500E+06
943500E406
Ol
943500E406
943500E406
00
943500E406
9¢3500E406
O
943500E406
9+3500E+06
0.
943500E+06
9.3500E406
0,
943500E+06
9.3500E406
06
9.3500E406
943500E406
04
943500E+06
9.3500E406
O
9¢3500E406
943500E406
0.
9¢3500E406
9+3500E406
0'
943500E406
9.3500E+06
°l
943500E+06
9,3500E406
0o
9.3500E¢06
943500E+06
0'
9.3500L+06

345400E406
0
3.5400E+06
3.,5400E406
0
345400E€+06
345400E406
0.
345600€+06
3¢5400E+06
0.
3.5400E+06
3.5400E.06
0.
3,5400E+06
3¢5400E406
0'
3¢5400E+06
3.,5400E408
Oe
3456400E406
345400E406
O
3.5400E4+06
3.56400E+06
OI
3¢5400E06
3¢5400F+06

0.
345400E406
345400E+06
0'
345400E406
3+5400E+06
0.
345400E+06
3,5400E+06
Oe
3.5400E406
3.5400E+06
Oe
3.5400E.06
345400E406
Oe
3¢5400E+06
3+56400E406
o.
345400E406
345400E+ 06
0.
345400E406
345400406
0.
345400E406
3.5400E406
0e
3+5400E« 06

3.2000E=01
0.
3.,2000E~01
3.2000E=01
0.
3.2000E=01
3.2000E=01
0.
3.2000E=01
3.2000E=01
Oe
3,2000E=~01
342000E=01
n.
3.2000E=01
3.2000E~01
0'
3.2000E=01
3.2000E=01
0.
3,2000E~01
3,2000E=01
Oe
3.2000E=01
3,2000E=01
o.
3.2000E~01
3,2000E=01
0.
3,2000E=01
3.,2000E=01
0.
3.,2000E~01
3.2000E=~0]
0.
3,2000E~01
3,2000E=01
0.
3.2000E=01
3.2000E~01
0.
3.2000E=01
3,2000E~01
0.
3,2000E~01
3,2000E=01
OI
3.,2000€E=01
3,2000E~01
0.
3,2000E=01
3,2000E=01
0.
3.2000E-01
3,2000E=01
0
3.2000E=~01

840000E=-03
443000E=01
840000E~03
8+0000E=03
4¢3000€E-01
B840000E=03
8.0000E-03
443000E=0]
B840000E=03
840000E=03
4+3000E=-01
840000E-03
8.0000E=03
4+3000E=~01
B8+0000E=-03
Bs0000E=03
443000E=01
8+,0000E=03
840000€E-03
4.3000E-0]
Be0000E=03
840000E=03
4+3000E=-01
840000E~03
840000E=03
423000E=01
8+0000E=-03
Be00D0OE=03
4¢3000E=-01
B8+0000€=03
Be0000E=03
403000€E-01
Be0000E=~03
B40000E=03
4,3000E~01
8+0000E=03
840000E=03
443000€E=01
8+0000€E=-03
840000E~03
#43000E~01
840000E=03
840000E=03
443000E=0]
Be0000E=D3
840000E=03
4+3000E=-01
B8.0000E=03
840000E=03
443000E~01
840000E=03
840000E=03
4¢3000E-01
Be00NOE=C3
8.0000£=-03
443000E~01
8+0000E=03



0L

B.8541E+01

8,9535E+01]

F40530E01

9,1525€E+01

9,2520E+01

9¢3514E«01

9,4509E+01

F.5504E«0]

9.5504E+0]

9.6499E+01

9,7494E+01

9,8489€4+01

9.9484E+01

1.0048E+02

1,0147E402

1e0247E¢02

1.0346E402

1,0346E402

1.0486E€02

9,3500E+06
O
943500E+06
9.3500E+06
0o
943500E4+00
943500k «06
Ol
943500E¢06
9.3500E¢08
O
943500E+0s
9,3500€406
O
943500E+06
9,3500E+06
Oe
9.3500E+06
9.3500E+06
Qe
9,3500Ee06
9+3500E406
Qe
9.3500E¢06
9,3500E406
O
943500E¢06
9.3500Ee 06
Qe
9+3500E«06
9,3500E«06
Ol
943500E+006
9.3500£4+06
O
9.3500Ee00
943500E+06
0
9,3500E+0b
9,3500E+00
')
9+3500E406
9.3500E¢06
0.
9.3500E+06
F.3500E 00
Os
9.3500E+06
9.3500€+006
Qe
943500E+06
9.3500E+00
Qe
943500E406
943500E+06
O
9.3500E+06

9.3500E+06
0'
943500E+06
943500E+06
0‘
943500E406
9.3500€406
'RY
9.3500E+06
9.3500E+06
0.
9435006406
9,3900E406
G
9¢3500E406
9+3500E+06
Oe
943500E+06
9.3500E006
0.
9,3500E406
9.3500E4+06
O
9.3500€+06
943500E+06
0.
9.3500E406
9,3500E406
0.
9.3500E406
3.3500E406
0‘
9+,3500E406
9+,3500E+06
0'
9.3500E+06
9.3500E+06
Qs
943500E+06
9.3500E4+06
o‘
9.3500E+06
943500E06
"I
9.3500E406
943500E406
0¢
Y43500E«06
9.3500E406
Qs
9¢3500E4+06
943900E+06
0.
943500E+06
943500E4+06
0e
9+3500E+06

3,5400E+06
Qe
3:5400E406
354008406
O
345400E+06
3.5400E+06
O
3.5400E+06
3.5“00E006
O
3¢56400E408
3,5400E406
O
345400E406
3.5400E406
O
3,5400E406
345400E+06
O
215400E+06
3+5400E«06
0o
3.5400E+06
3-5“005006
O
3¢5400E¢06
3.5400E+06
Oe
3.5400E406
3.5400E06
O
3¢5400E406
345400E406
Oe
3.5400F .06
3+5400E406
Oe
3.5400E+06
3.5400F«06
O
345400E«06
3¢5400€404
[ Y
3+5400E406
3.5400€406
Oe
3+.5400E¢06
3.5400E+06
Oe
3.5400€406
3.5600E406
Oe
3.5400E+06
3+5400E+06
O
3.5400E406

3.2000E~01
O
3.2000E~01
3,2000E=01
0.
3.2000E=01
342000E~01
0.
3,2000E=01
3,2000E~01
0.
3,2000E=01
342000E=01
O
3.2000E~01
3.2000E=01
0
342000E=01
3.,2000E=01
0.
3.2000€~01
3,2000E=01
O
3.2000E=01
3,2000E=01
0
3.2000E=01
3,2000E~01
0
3.2000E~01
342000E=01
0.
3.2000E=01
3.2000E=01
0.
3.,2000E-01
3.2000E=01
O
3.2000E=01
3,2000£~01
Oe
342000E~01
3.2000E=-01
Oe
3.2000E-01
3+2000E=01
0
3.2000E=01
3+2000€-01
0o
342000E~-01
3,2000E=01
O
3.2000E=01
3.2000E=01
O
3.2000E-01

B,0000E=03
4+3000E=01}
8+0000E=03
B8e0000E~D3

~000E=01
8e0000E=03
B+000NE=03
%e3000E=0]
B8.0000E=03
8+0000E=03
4¢3000E=01
8.0000E~03
B+0000E~03
%¢3000E=-0}
8+40000E=03
8.,0000E=03
4¢3000E=01
840000E~03
840000E=03
4¢3000E~01
840000E=03
8.0000E=03
4.3000E=01
Be0000E=03
8, 0000E=03
4:3000E=01
8,0000E=03
8+.0000E~03
4+3000E-01
8.0000E~03
840000E-03
4¢3000E=01
8.0000E-03
8,0000E=03
4e3000E=D]
B¢0000E=~03
B.0000E=03
4¢3000E-0)
840000E=03
8.0000E-03
4e3000E=01
8.0000E=04
8.0000E=-03
443000E~01
B+0000E=03
8e40000€E=~03
4¢3000E=01
8.00D0E=03
8.0000E-03
4+3000€-01
840000€E~0y
B.0000E=-03
4¢3000E=-01
B.0000E=03
840000E=-03
%e3000E=01
8.0000E-03



1L

TABLE 3
TABLE #

TASBLE §

1,0545E¢02

1.0645E+02

1,0764E¢02

1,0844E+02

1.0943E¢02

1.1043E402

lell62E402

1.1142E+02

1.1242€+02

1e1341E+02

l1.1441E+02

1,1540€402

le1640E+02

1,1739€+02

1,1839E+02

1,1938E+02

9.3500E+06

['x}
943500E4+06
943500E«06
O
9¢3500E+06
9.3500E+06
O
9,3500E+06
9.3500E+06
0
9+¢3500E+06
9.3500E¢0Q6
Qs
943500E+06
9.3500E+06
Oe
943500E+006
9,3500E+06
O
943500E+06
9.3500E+006
O
9,3500E+06
943500E+06
0,
9,3500E+06
9.3500E+06
'R
943500E¢06
943500E+00
O
9¢3500E406
9+3500E+4086
O
943500E+06
943500E06
[
943500E406
9,3500E+06
Qe
9+3500E+06
9.,3500E+00
O«
9¢3S500E+08
9,3500E+06
=0
9,3500k¢006

{FOUNDATION MODULI) ALL Z2EROES

(STRINGER PROPERTIES) ALL ZEROES

(PRESSURE GRADIENT) ALL ZERUES

943500E+06
0.
9¢3500E406
943500k <06
0
943500E+06
943500E4086
Oe
9.3500E¢06
Y¢3500E+06
Oe
Y«3500E¢06
9¢3500£+06
'R
943500E406
943%500E+06
0.
9¢3500E+06
9+3500E406
0o
9+3500E406
943500E406
0.
9.3500E+06
9¢3500E«06
OI
9.3500E+06
9¢3500E406
0-
Ye43500E406
943500E406
0-
9¢3500E+06
9¢3500E+06
O
943500E%06
943500E+06
O
9¢3500E406
9.3500E+06
O
9¢3500E+06
943500E+06
O
943500E+06
9+3500E¢06
=0
9.3500E+06

345400E+06

0
345600€406
3+5400€+06
Oe
3.,5400E+06
3¢5400E+06
0.
345400E406
3.5400E+06
0o
3.5400E+06
345400E406
0o
345400E406
345400E406
Oe
3.5400F406
3.5400E+06
Oe
3.5400E406
345400E+06
O
3+5400E406
2.5400E+06
O
3.5400E+06
345400E406
Oe
345400E+06
3+5400E406
0
3.5400E+06
3.5400E406
0.
345400E406
345400E+06
Os
345400E+06
3.56400E4+06
O
3.5400E4+06
3¢5400F«06
Qe
345400E«06
345400E406
=0
3.5400E4+06

3.2000E=01

Oe
3.2000E=01
3,2000E~-01
Oe
3.,2000E=01
3.2000E=01
0.
3,2000E~01
3,2000E=01
Oe
3.2000E=01
3,2000E-01
O
3.2000E~01
3.2000E~01
0.
3.2000E=01
3,2000E=01
Oe
3.2000E-01
3.2000E=01
0
3.2000E=01
3.2000E~01
0.
3.,2000E~-01
3.2000E=01
0.
3.2000E~01
3.2000E=01
0.
3.2000E=01
3.2000E=~01
0o
3.2000E=~01
3,2000E-01
Oe
3.,2000E=-01
3.,2000E=01
Oe
3.2000E=01
3,2000E=01
0.
3,2000E=01
3,2000E=01
=0,
3.,2000E=01

8+0000E=03
4e3000E=-01
840000E-03
8,0000E-03
4e3000E=01
8+0000E=-03
840000E-03
4¢3000E=01
840000E=03
8+0000E=03
4¢3000E~01
8+0000E=-03
8¢0000E=~03
4+3000E=01
B840000E=03
840000E=03
4+3000E=01
8+0000E=03
B+0000E=0DJ
4¢3000E-01
840000E~03
He0000E=03
493000E=01
8+0000E=03
840000E-03
443000E-01
8+0000E=03
8+0000E=03
4¢3000E-01
8¢0000E~03
820000E-03
443000E=-01
B8¢0000E=03
B40000E=03
4.3000E=-01
B8¢0000E~03
8+0000E=-03
4¢3000E-01
840000E=03
840000E=03
443000E=01
8¢0000E=03
840000E~03
6¢3000E=01
8+0000€=03
840000E=03
4¢3000E=-01
B8,0000E=03



[#4

INITIAL NONLINEAR STATE SHELL DATA,

4,0106E¢01
4,1062€+0]
4,2017E+0]
4,2973E+0]
4.3929E401
4,4885E4+0]
4,5841E+0}
4,6796E+01
4,7752E401
447752E+01
4,874TE+Q]
4,9742€+0]
5,0737E¢0])
5.1732E+0)
5.2727E01
543721E+01
S.4T716E+0]
S.5711E+01
5,5711E+01
5,6706E4+01]
5.7700E¢01
548695E+01
5.9690E+01
6,0685E+0]
64,16B0E+01
6,2675E+0]
6,3670E+01
6.3670E+0]
6,4665€+01
6,5659EF+0]
6,6654E+01
6,7649E¢0Q]
6.8644E+0]
6,9639F«01]
T7.0633E+01
741628E+0}
7.1628E+01
T.2623E%0]
7+3618BE+0)
T 4613E+01
7.5608E+01
Te6603E+01
T.7597E+01
T7.8592€+01
749587E«0]
7.9587E«0}
8,0582E+01
8,1576E4+01
8,2571E+01
8,3566E+0]

T10

1,3771E¢03
1e4047E+03
1,182E+04
1.4215E403
1e4177E403
144081E+03
1e3946E+03
1.3781E+03
1.3591€+03
144115E+02
143921E+03
1¢3704E+03
1.43467E+03
143215E+03
1.2948E403
142669E+03
1+2382E+03
1.2087E+03
12087E+03
121794E403
1:1495E+03
141191E4+03
1.0884E+03
1,0578E+03
1.0276E+03
949704E+02
9,6645E+02
9.6645E4+02
9,3984E¢02
9.0538E+02
8.7514E+02
8,4520E+02
841556E+02
7.8633E+02
Te9756E+02
T42927€¢02
Te2927E¢02
T.0144E€402
6.7416E402
6.4T44E02
6e2131E402
5.9572E4+02
Se70T4E02
Se4637E¢02
542261E402
5.2261E¢02
449942EQ2
447685E402
4¢56490E+02
4+3356E¢02

LAMBDA = 2,1000E+00
T20

441243E403
3,6480E403
3e209RE+03
2+809]1E+Q3
2e4436E+03
2¢1249E+03
1¢8300E¢03
145551E403
1.2958E403
1e3126€4+03
10547E+03
841208E+02
5+8581Ee02
3,7633E+02
1e8343E+02
6.5852E400
2]l e5492€402
=3.,0195E+02
=3.0195E+02
~443527E402
=5.5608E+02
=6,6534E+02
=7:6397E+02
~8.5281E+02
=943256E402
=1+0042E4+03
~1¢0683E+03
=140683E+03
~1el257E+03
=lel76B8E+03
=~142221E4+03
‘1{2621E‘03
=le2972E40Q3
=1.3278E4+03
=143543E403
~143769E403
~1¢3769E+03
=143960E403
=1e4119E03
=1¢4247E403
=le4346Ee03
*la4421E403
=1e46T0E«03
wleb497E403
=1e4501E+03
=1¢4501E403
=]1+44B8TE«03
=144454E403
=1s4403E+03
~1e4335E403

CHIO

240428E-01
1.9727E-01
1.8915€-01
1+8058E-01
147216E~01
1e6437€-01
1¢5763E=-01
1.5227E=-01
1,4863E-01
1¢4863E-01
1:4515€-01
144058E-01
1¢3526E-01
142945E=01
142336E-01
141713E-01
1+1091E<01
1.0477€=01
1¢0477€-01
9+8783E-02
942991E=-02
Be7423E-02
8.2096E=02
7:7021E=02
T+22CiE=-02
6¢T7626E-02
6+3285E-02
6¢32B85€-02
5.9168F-02
Se5264E-02
5.1562€-02
448051Ea02
446T20E-02
441560E-02
3.8562E-02
3,5715E-02
3.,5715€-02
343011€-02
340440E-02
2+7996E=-02
2¢5669€-02
243452F-02
241336E-02
149315€-02
1¢7380E=02
147380€-02
1e5524E-02
1e3741E=-02
142023E-02
140364E-02

X30

~2.9252E+00
=249184E+00
=2¢9117t+00
=2.9049E+00
=2.8982E+00
=2.,8914E+00
=~2.8867E+00
=2+8775E4+00
=2,8712E+00
=2.8712E+00
=2.8642E+00
«2,8573E+00
~2.8508E+00
~2.84%2E+00
=2.8377E+00
=2.08311E+00
=2.82645E+00
~2,8180E¢00
=2.8180E+00
~2.8114E+00
=2.8048t00
=2.7983E+00
=2.7917E%00
=~2478S1E+00
=2.7786E+00
~2.7720E+00
~2.7654E+00
“2.T654E+00
=2.7589E+00
=247523E+00
=2.T45TE+00
=~2.7392E+00
=~2.7326E+00
=247223E+00
=2.7104E+00
=2.69B4E+Q0
=2.6984E+00
=2.6865E+00
=2.6745E400
=2.6626E+00
=246506E+00
=2+6386E+00
“2.6267E¢00
=246147E+00
=2.6028E+00
=2.,6028E¢00
=2.5908E+00
=2.,5789E+00
~2:5669E+00
=2.5550E+400

M10

=3:110FE+0c
=4¢176E+02
=44752E402
=4e905E+02
-4e693Fe02
=4e176E+02
«3:399E+02
=2e391€E+02
=le]T1E%02
=1lel71Ee02
=2¢025E¢02
~2e640E+02
=3.066E¢02
=3+343E+02
«34503€e02
«3a5T4Fe02
=3+576€+02
=3+527€402
=34527€+02
=«3e441Fe0c
=3¢331€¢02
=3.206E+02
=3.069E+02
«2e¢926F¢02
=20 T85E+0Z
=2¢649E+02
«2:519€+02
=2+519E+02
=2+395€¢02
=24276E+02
«2e¢l64E¢02
=24057E+02
=14956€+02
=1+860€+02
=1e770E+02
=14685F¢02
=1¢685€402
«le604EeD2
=1¢529€+02
=1+459£4+02
«1+393€¢02
«1¢332F+02
=1e27SFe02
=1e223E¢C7
=1e175E4+02
=1+175FE+02
=1le131E¢02
=1e082E+02
=14056E+02
=le025E+02

M20

1eB99E+ 07
14378E¢n2
1.010E+02
7«8l10Een)
6eR01ESD]
Tell3Een)
Be426E0ny
1.068E+02
le386E+n2
1.386E+02
1.035E402
Te51AE+0})
5¢238E¢01
3.420E+0)
1e979E+0
Be4T9E00
=3,230E=01
'7.Q7UE000
=T+070E¢nn
=1e217€+0]
=1.606E4+0)
=1.898E¢0n)
=2+10RE+0])
=24249E+0])
=2¢357E¢0)
=24440E+0)
=2¢504E4¢0)
=2,504E+0
=2.553E+01
=2.58TE+0
=2+611E+0]
=24626E401
~24633E+0})
=2.634E90)
=2¢631E+01
=2+623E+0])
=2.623E+01
~2.614E40]
=2+602E+0)
=2.591E+01
=2.58NE+n
“245T1E+01
=24563E+0)
=2¢559E4+0)
=2.558E+0]
=2.55RE+01
~2¢561E+01
=2+56RE+0]
=2,581E+01
~24599E+01



€L

INITIAL

8,4561E4+01
B8,5550E401
8,6551E+01
B,7566E+0])
B,75646E+0]
8,8541E+401
8,9535E+01
9,0530E+0]
9.1525E+01
942520E+01
9,3514E+01
944509E+01
9,5504E+0]

'9,S504E+01

9,6499€4+0]
9.T4F4E+ DL
9,8489E+01
3.94B4E+01]
1.0048E¢02
la0l47E402
1.0247€402
1.0346E«02
1,0346E+02
140446E+02
1,0545E+02
1.0645E+02
14074402
1.0844E+02
1.0943E+02
141043E¢02
le1142E+02
1,1142€E+02
141242€E«02
1,1341E02
lolehlE+02
1.1540F402
l41640E«02
141739E+02
1.1839€+02
1,1938E+02

PERTURBATION STATE SHELL DATA

b,01006E40]
4,1062€+01
$,2017E+01
4,2973E+0]
4¢3929E01
44488%E+01]
4,5841E+01]

4e1279E402
3.9262Ev0¢
3.7306E40¢
3.5408E402
345409E+02
3.,3569E+02
3.1788E+02
3,0064E%02
2.8398E+02
R2.6786E+02
2.5231E+02
243730E«02
2.2285E402
2.2285E402
240892E+02
149552E+02
148266E+02
17033€+02
1.5850E+0¢2
1.4720E402
1+3640E¢02
142611E+0¢
le2611E¢D2
1.1631E¢02
1,0700E+02
9.8182E+01
849849E4+01
8.1988E+01
744597E401
6e7670E201
6+1197E901
6¢1197E+0Q1L
545166E+0]
4,9572E+01
bo4s02E401]
3.,9646E¢0]
3.5285E+0)
341309E¢01
2.7702€«01
206446E+0)

Tl

5,5981E+02
$.6518E+02
54,6522€E+0¢
S.6175E+02
5,5606E%02
S.4867E+02
So#046E002

«le4252E403
«ls4154E403
=le40e1Ee03
=1+3913E403
~1¢3913E+03
~1¢3773E403
~1+3619€4+03
=]1s3452E¢03
=1¢3272E403
=143081E+p3
«le2BT7E4Q3
=1¢2660E¢03
«]le2431E+03
=142431E403
=1¢2191E+03
=141938E+03
=1¢1673E+03
=141396E403
=1+1107E+03
«1.0806E¢(C3
=140493E403
=1+0168E+03
«1+0168E+03
=9,8324E+02
~Q44854E+02
=9.1277E+02
~847597E402
=8.3831E+02
«T¢9978E+02
=746048E+02
«7.2056E¢02
=7.2056E+02
~648018E+02
=643948E402
=9 ,9864E+02
~5.5786E402
=S5.1744E402
=44 7760E402
«443865E¢02
=4,0092E402

T2l

1¢5062E 023
1¢3210E+03
1e1967E4+03
101178403
B48367E+02
Te7534Ee02
647728E402

8.7580E-03
741980E-03
5¢67B5E03
441939E-03
4:1939E-03
2¢7393E-03
13092€-03
«1.,0098E=04
*1e4954E-03
=2+8779E-03
-4+2518E-013
=5.6196E-03
~6.9836E~-03
=6:9836E-03
~8.3454E-03
=3,7054E-03
=1¢1063€a02
~142418€-02
*1.3767€-02
=1.5108F=02
=1e6436E=02
“1e7T46E-02
=1¢7746E02
=149032€-02
=2.0285€~02
=241495Ea02
~242652E-02
=2¢3744Fa02
=2.4756E.02
~2:5674Ea02
~2.6481Ea02
=2.6481€-02
~2.T7158E-02
=2+.7686E=02
»2.8043F~02
=2+8207E-02
*2.8153E02
=24+7857E-02
«2.7296F 02
~2.644TE-02

CHI1

640463E-02
5:6432€=02
S¢2424E«02
448653E-02
4¢5294E~02
442693€=02
440368F-02

«2.5430E+00
=2.5311E+00
=245191E+00
-?4¢5071E+00
~2,5071E400
~2,4952E+00
=244822E400
=244690E+00
=244559L¢00
-2,4427E400
-244296E+00
=2¢4164E400
=244033E+400
«2+4033E+00
~2¢3901E%00
=2+3769E+00
=2+363BE+00
«243506E+00
=2¢3375E+00
=2,3263E+00
«2¢3112E¢00
=2,2980E400
«2¢2980E00
=2.2B49E+00
=242717E4+00
~242557E+00
=2¢23B3E*p0
=2¢2209€E+00
=2.2035E+00
=2+1861E+00
~2.168TE*00
=2.1687E+00
=2¢1513E¢00
«241339E¢00
=241165E+00
=240762E+00
=1:98B%E+00
=149035E+00
=1481B2E+00
«1+7328E+00

=9¢96RF+01
«9,727F+01
~9.521F+01
«94349F+01
«90349F¢01
«9,208E+01
«94097E+01
«94014E«01
=84955F+01
=8¢9183Ee01
«8:H99F+01
=8¢A95E+01
=8+901F+01
=84¢901F¢01
=He913F0]
=Re927E+01
=Bs935E+01
~B+933E+01
=R4913E+01
-Be869F01
«8s794E¢01
=Be678E+01
«de5TRE0]
«8e514FE+01
«Be292E+01
«8+004FE+01
=71641E401
=«Te192E401
=6e648FE401
=6+000€401
=5¢238E+01
=50238€+01
«he350E+01
=3¢328€+0!
w2e160E+01
~8¢363F¢00

64469E+00

2+4287€401

44080E+01]

6+022€+01

M1l

~2v304E402
-2+ 440E002
«2:374E402
«2¢177E02
~14871E¢02
=14472E402
«94935E+01

=24623E¢n)
=2+652E401)
~2.688E4+0]
~2+v730E+0)
=2.73NEenN)
«2,778E+01
~24R32E¢n]
~2¢R9NEen]
“22954E40)
=34022E¢0)
=3,094E40]
=341068E¢0}
~3.263E+01
=34243E+0)
“34319E+0)
=3.393k+01
“3e4063Een]
=3:529E+p)
~3.S587Ee0)
“34636Ee¢01
=3+672E+M)
“3.693E+01
“3.693E401
*34696E+01
«3.678E+01
»3.635E401
=3.564E+n)
«3,462E¢0)
=3:325E+01
~3,149E+01
=2,930E+n)
~2.930E+01
»2,665E401]
~22349E¢0)
=1,9783E+D1
“1.549E¢p)
~1le059E€¢0]
~5.078E* 00
1.033Ee0n

TeT38E+00

mM21

l,066E+01
~44112E=01
«5,834E000
=64343E400
*2.454E+00
S.816E+00
le764Een)



|74

4,6796E+0]
4,7752E401}
4,7752E+01
44874TE+Q]
4.9742E+0]
540737E+0]
S¢1732€+01
S542727E4+01
5¢3721E+01
544716E+0}
S45T11E«0]}
S545711E+01
5.6706E+0]
5.7700E+0]
5,8695E+0]
5.9690E¢01
6,0685E+0]
6,16B0E+0}
642675E+0)
643670E+0]
643670E+01
6,4665E40])
6.5659E+0]
6,6654E40)
6,7649E+0])
6,B644E+0]
6,9639E+01
T40633E+0)
T4162BE+01]
Te1628E+0]
T.2623E+01
T+3618E+0]
T«4613E+01
Te5608E+0]
Te6603E+0]
TeT597E+0Q})
T48592E+01]
T+9SB7E+01
T.9587E+01
8,0582E+01
841576E+0]
B842571E+0]
8,3566F+01
B,4561E+0])
8,5556E+0]
8.6551E401
8,7546E+01
8,7546E+01
8,8541E+0)
849535E+01
940530E4+01]
9,1525€+0]
9,2520E+0)
943514E+01
94.4509€+0]
945504E40]
9+5504E+01

S.3169E+02
5¢2251E¢02
S.4T47E«02
5e3894E«02
5.2998E¢02
5.2062E¢02
5¢1107E¢02
S5e0124E«Q2
4.9121E+02
4eB104E+Q2
4e10T6E+02
4e1076E«02
446074Ee02
4¢5058E+02
4.4027E402
442983E+02
441992E¢02
4,0933E+02
3.9899E+02
3,8856E+02
3.8856E+02
3,7806E+02
346753E902
3,5701E+02
3,4651E¢02
3,3605E+02
3.2565E+(02
3.1533E+02
3.0511€E+02
3.0511E+02
2+9496E+02
248494E¢02
2+7505E+02
206529E402
255658402
2+6616E40¢
243683E402
2,2766E402
2.2766E002
2.1863E+02
2.0977E+02
2.0108E002
1:9256E+02
1.8421E¢Q2
1.7603E+02
146804Ee02
1.6022E+0¢
1:6022E+0¢
1.5259E+02
1.4514E¢02
143788E+02
1.3081E+02
1.2392E402
141723E+0¢
1.1073E+02
1.0443E%02
1.0443E¢02

5.,8700E4+02
5.0191E+02
940990E+02
4.2446E402
3.433REs02
2e6731E402
1¢9659E402
1.3120E+02
T¢0983k+01
145672E40])
»3,5063E401
=3,5063E401
=84,1473E401
=l e2404E¢02
»1e6313E402
=1¢9905E¢Q2
~243208E+02
*2.6245E4+02
»2.9051E+02
«3.1644E002
=341644E+02
=3,+4048E402
=3.,6273E+02
=3,8334E4+02
=4,0242E+02
=4,2012E402
=4 43649E602
=4,5161E+¢02
=4,6555E+02
=4 46555E402
=4 ¢T843E+02
-4 49025E+02
=5,0106E4+02
«5,1090E+02
=5,1984E402
=5.2788E402
=5+3505E402
~S5.4137E+02
=5.4137E¢02
-544691E+02
=5,5163E+02
=545556E+02
*5,5871E+02
=5.6113E402
=5,6278E+02
=546366E402
=5,46378k402
=5,6378E402
=5,6320t402
~8,6186E402
=549975E+02
«5.5688E4+02
=5.5329E402
=544893E+02
=544379E+02
-5,3787€4+02
=5.378TE+02

349034E-02
3¢8604E=-02
30B8604E-02
3.8395€.02
3,7756E-02
3.6829E-02
3.5719E=02
3.4504E=02
343241E-02
3.1969E-02
3.0717€=-02
3.0717E02
2¢9503E.02
2483378202
2.7224E=-02
2.6166E-02
2¢5162E-02
2442)2€-02
24¢3307€E-02
2¢2442Ealc
202642E-02
2:1612F-02
2.0811E-02
2+0036E-02
1.9283E.02
1.85485402
1.7829€.02
1.7123€-02
106429E-02
1+6429E-02
1:57644Ea02
1.5067E=02
1¢46396E-02
1¢3731E~02
1¢3070E~02
le24}2E=02
1e1758E.02
141100E-02
1+1100€E=02
100444E-02
9¢T874E=-03
9.1289E-03
8.4675E-03
T.8022€=03
T¢1324E-03
6.4571Fa03
5¢7756E-03
547756F=03
5.0873€£-03
443913€-03
346869E-03
2¢9738E-03
2+2515€E-03
15198E-03
TeT864E=04
2+8R16E=05
248216FE-05

=4¢358F¢0]
2e044EQ]
2:044E01
=14313€401
=3e634E401
«5¢184E401
~6e155€401
«64702E401
=6¢941F+01
=6¢965E401
«60839E401
=64839E+01
«be6]15E+01
~5e344E+01
=6¢053€+01
=5¢750E+01
=5ebh44Es01]
«5¢172€401
=4+935Fe01
rheT4OESO]
=4¢740E+01
«4e572€¢01
=40431E+01
~49313€¢01
=~4e215E¢01
=4¢135€401
=4¢070F+01
wbs018E001
«3¢978F+01
=3¢978E¢01
«3¢947E+01
=3e925€+01
=3¢911E¢01
=3¢904£401
=3¢904E¢01
=3:910E401
*3¢922E+01
«3e940E+01]
«3e¢940Fe01
=3:963E+01
=3:992E£¢01
~4s026E401
=4e065E¢01
e4s]110E¢01]
=4e]160E¢01
«be214E401
«bo2T4E0]
«bo2T74E40]
~4433RE«01
=4e406E4+01
=4e4TTE+0]
=4¢551E+01
=~44627E+01
=4¢703Ee01
=4e7T9E«0]
~4+853€401
=4 e853E¢01

3.306E40)
5.22TE¢01
5¢227E4+01
4.032E+01)
34125E+01
2¢439E40]
1:926E40]
1e545Ee0)
1:265E401
1e061E+0]
9.135E400
9¢135E+00
84082E¢n0
7+286E¢00
6.665E400
6418BE+00
Se817€¢00
S5¢430E00
5.002Ee«n0
4e536Esnn
44536E+00
44038Eep0
3.512E+00
2e961E+00
2¢391E+00
1e807E+00
1.212E+n0
6¢095E=01
20204E~03
2:204E~03
~6.087E~0]
~1s222E¢n0
=1e¢R37E%0n
~2:453E+00
=3.070Ee00
~3+s68R8E«00
=4,308E¢00
=4+930Eenn
«4,930E+00
«54,555E+0n
=6+183E+00
“6e816E¢0n
=T+455E«n0
=8+100E%00
~Bs752E+00n
=9¢411E«00
=14008E+0)
=1+008E+0]}
~1.075E¢0]
=1s143Een]
‘lozllEOOI
=1l.280E01
=1e349Een1
=le4l7€+0)
=1+485E+01
~1+551E¢01
«1+551E¢01



S

F.6699E+01
9eT7494E+01]
9.8489E+01
9.9484E¢0)
1.,004HE+02
1,0147€402
1s0247E402
1.0346E+02
1,0346E+02
1.0446E+02
1,0545E+02
1,0645E+02
1.0744E402
1.,0844E+02
140943E+02
141063E4+02
1e1142E+02
1,1142E+02
141242E+02
141341E402
lel4élEs+02
1,1540E+02
le1640E+02
1.1739E+02
1¢1839E+02
1.1938E+02

S

440106E¢01
401062E+01]
4e2017Ls01
4e2973E001
443929€401
404885601
4e5841ken]
4467906401
4.7752E¢01
6¢7752E«01
44874 7EeN]
429742€401
5.0737E+01
5.1732E001
Se2727E401
543721Ee01
5¢4T16E40]}
5¢5T711Ee01
5:5711E401}
5¢6706L+01
Se7700E401
5¢8695E¢n]

9,8314L¢01
9¢2400€+01
He6685E+01
841173E401
7.5857E¢01
7.0745SE+01
6+5838E+01
6e1135E¢01
6411356401
5.6631E+01
5.2334E¢01
44.B242E+0]
446356E+01
4,0672E+01
347192E¢01L
3,3915E+01
3.,0839E+01
3,0839€+01
2¢7959E€¢01L
2.5275E4+01
242783E4+0])
240480E+D]
1,8358E+01
le6414Ee0])
104642E401
143035E01

T2

=5,6629E%01
=5,8210E%91
wb, lU90E*0]
w6,3304E%01
=6,6906E401]
=Hen986L %Y1
=5,b993E+01
=8,6776L¢0!
-6.6986L*0]
-6,6586E40)
=6,6029E401
=b6.9177E%01
-5,4079E401
«6,2775E¢01
by 1298Eeyl
-5 ,9682E+01
«5,7954E¢01
=5,6139E+01
«5,6139L+01
=5.4253b eyl
=5.2319E+0!
«5,0352L+01

~5.3121E402
=5,2377E+02
=5¢1553E+02
=5.0650E402
=4,9672E+02
-4,B615E+02
~4eT7480E402
=4,6268E+02
=4.6268E+02
-4.6983E+02
~4e3624E402
~442193E402
«440694E+02
=3.9134E+02
=3,7513E+02
=3.5837E+02
=3,4112E402
=3.4112E+02
=3,234TE+02
=3.,0549E+02
=2.8727E«02
=2.6890E+02
w245053E+02
=243227€402
=2.1427E402
=1.9668E402

INITIAL 2ND=-ORDER PERTURBATION STATE SHELL DATA

122

“2+2383E%02
=2e043E%02
=lel772E%02
=1+9371E+02
=ledUlBE*QZ
~]1e0B43E*02
=8 /777E+01
“6s8494L 0]
~5.U649E¢0]
*5e0649E¢0}
~304732E%01
~1eB464EQ]
=44 /U%2E*00
Telo65E¢00
la09HBESQ]
249106k *01
3e8190E4¢01
4ob3lVEQ])
4e0310E40]
Sed544b¢0]
HeYJ4BE+Q]
6e0bdbE+Q!

=7.3120E-04
=1.4987E-03
=2+2731E403
=~3.0530E-03
=3,8362E-03
=4:6206F=03
~5.4033E£-03
~641808E-03
=6+1808E-03
~649492E-03
=747039E-03
=8,4393E-03
=9,1496F=03
~9,8279E-03
=-1.,0467E-02
=1.1059€-02
=1.1595€-02
=1,1595E-02
=142067E=02
=1.26462E-02
=142772E-02
~142984E-02
®]1.3086Ee02
«1,3066E-02
=1.2913E-02
=1.,2615E-02

cHi2

=1,.5629€E~-n2
=1,5700E=02
=]1,5502E=-n2
=1¢5115k=02
=1.,8608E=pn2
=1,4038E=-n2
=l,3447E=pn2
=1.,2862E=02
=1,2297E=n2
=142297L=n2
=1,1722E=02
=1,1145E=0n2
=1,0567E=n2
=9,9900E=-03
=9,4166E-03
=8 ,8508E=p3
«8,2962E=n3
=7,1559E=n3
«1,1559E=n3
=7,2325E=n3
=6,7274k=n3
=6,2418E=-03

«69923Fe01
=4s9RGEC0]
«5:041E+01
=5+085€+01
=5¢115€+01
=5¢128E+01
~5¢120E+01
=5+0B8€¢01
=54088E+01
«5:027E+01
=4+933E+01
=4eB803E¢0]
=44632€+01
=ho415E401
=be]4BE+01]
=34826E¢01
=3s445F¢0]
«3e445E+01]
«2:999E+01
=2:485€+01
=1¢898F+01
=1¢232€+01}
w4 e 8T0E+00
Je364E+00

1e236E¢01
24208401

=1+616Ee0}
=1s678E+0)
=lsT737Een)
«1s792Een)
=1e842Ee0)
«14885€+0)
=12920E+01
~1e¢947E«p1
=14947Een]
~14963E+1)
=14968E+0)
~1e959E+01]
=1¢934Eep)
=1.893E¢0]
=1e834E+0n}
=1+754E401
=1e651E¢01
=1.651E+0]1
=14525E¢01]
=14373E+01
=1.193E+0]
=9.,841E+00
=Teab2E+n0
=4o738Ee00
=1e¢734Ee0p

1+565Ee00



9L

549690E+01]
6e0685Es01
6.1680E+01
6e2675L401
6¢3670E+01
©e¢3670E401)
6446665E401
645659E401
he6b50EN])
6e7649E401]
6eBH44ESD]
6:9639E¢01
7¢0633E001
Tele28E401
Te1628Ee0]
7+2624L 401
7+3618E¢n}
7.4613c401
T+5608E« 01
746603E+01
T7e7597E«0 ]
T7+8592L+01
Te9587E«01
Te9S8TEOL
840582E401
Bel5T706E«0]
Be2571t 4y}
A,3566E+01
BeuSblEen]
8.5556L01
Be6551E01
Be7546L 401
847546E+01
8+8541E901
R49535k+01
9+0530E¢01
3e1525E 401
9.2520E401
Ge3514E401
GeanQ9E0]
94550401
G¢5504E+01
9,6499E401]
GeTAYGESQ]
FeB4dIE0L
949484E+01
1.0048E¢02
1+40167E¢02
1.0247E+02
1¢0346E902
190346E4+02
1+04406E402
1.0545E+02
1+0645€E+02
140744E002
100844Ee02
140943E402

~4,8367L+0)
=4,037]1E*01]
=4,4379€¢01
=4 ,2399E+0]
=4 0461E01
b 0841E+0]
=3,8506€¢01}
«3,6604E+01
EETE LTI RTIPN
-3,2916E+01
»3,1135%k+0]
=2,9600t+01]
«2,7715£4+01
~2.608lE*0]
«2,608lE+01L
=l g4496E401]
=2,2960E+0]
=2yl4b8Eeyl
w2,0066E¢01
=l,0697€¢01]
-1 ,7383E401
=1l,6124E+yl
=1 ,4919E901
=1,4919E+01
«1,376TE¢01

=1 ,2b69E*01]

=1l,1024E¢0])
»l4,0631E+01
=9,64/5E+00
=8, /F48BE+00
wl ,9514E200
=7,1564E+00
«T7el964E400
=6,4081E%00
«5,7058E+400
=9,068lE+00
=44,4339E°00
=3,8615E¢00
=3,3298E400
=2,8374£4Q0
=2,3829E+y0
-l ,38239E+900
=1.9645E+u0
=1,5812E+00
=1,2314E*00
=941357E=01
=6 ,2029€=01
«3,06803E=01
=1,3728E=01
6,7444E=02
6,T444E-02
244T66E~0]
440478E=01
S.4026E=01
645H53E~01
71,9193E~01l
8,30948E=01

T7+0915E¢01
Teal99E¢D]
Te8440E+N]
BelbUbE®O]
Be4220E¢01]
844220E¢01
B403/1E+Q]
B8.8088E+01
BeFGibESQ])
CRYRETTR B
9e0972E%0Q)
9e1273€¢01
941232€¢01
9+1022E+01
YelU22€¢0]
9.0520E40)
Be97d5€401
8.88B35E+01
8e7685E%01
8e6356E¢01)
8e4BobEQ]
8e3196E40]
8+1390E+01
BelJIVEO])
Te945TE+0]
T47401E+01
TeD233k+0)
Te2964E+0]
TeU6I0E+0]
be8176£+0]
6¢5672E¢0)
6e310BE+Q]
6+3108E+0]
69UD00E*D]
Se7852E+01
5.5172E401
5¢2472E401
449T63E+01
4s7050E+01)
4e@3u3EeQ]
4alb51E*01
4+1651E+0]
3e8983E401
3eb34bErQ]
343746E401
3¢1192E+01
2+8692E+01
2eb251E*Q]
2e¢3B/5E¢0]
241569E901
2¢1569E4+01
1e9341E490]
1.7192E¢01
145130€401
1ed197E¢0]
1:1279E401
994992€400

-5, 7T62E~03
=5,3306E=03
=4,9048E=-03
=4 ,4982E-03
-4,1097€=n3
=4,1097E~03
-3,7388E=03
=3,3843E=-03
=3,0455E=03
-2,7216€E~n3
~2,4117E=03
=des1153E=0n3
=1,R317E=-03
=} +96UBE=03
«1l,5605E=03
=1,3010E=-03
=1,0531E=03
=8.,163BE-n4
=5,9059E=né
=3,75%8E=04
=1.7113F=n4
2.2889. .=
2,06%7E=n4
2e065T7E=04
3,7997E=04
5,4314k=04
b.3609E=n4
8,3884k=n4
9,714lE=n4
1,0938E=n3
1,2058E=n3
1o 3077€=03
1,30776=03
1439926 =n3
1,4806F =03
1,5513E=n3
1s6119€=03
1,6622€6=n3
1.7023E=~n3
1.7322E-03
1,7519€E=03
1,7519€«n3
147617E=03
1.7617€=03
1e7520E=0n3
1e7329E-p3
le7046E=n3
1eh6T6E=n3
1.62216=03
1,5687E=n3
1.5687E=-03
1.,5077€=n3
1 44398E=n3
1,3656E=n3
1 42856E=n3
1,2007E~n3
141114E=n3



LL

1e1063Le02 8,9391E-01 7.8208E+00
1s1142E¢0¢2 9,4220E-01 6.24 156400
1e1142E¢02 9,42208~01 6+2679E900
1sl242E402 9,7/04E=01 4418336400
1:+1341Ee02 9,9982E-01 3,4316E+00
191461Een2 1,0118E+00 2¢1962E400
1e1540E+02 1,0143€400 1+0609E900
1e1640E+02 1o0084E*00 BeYaclE=02
11739402 9,9939k=-01 =7+/411E=01
141839E+02 9, 7655€-01 «1¢9059E¢00
1+1938E+02 9,5304E=yl ~241026E+00
PREBUCKLING STIFFNESS = | .,2040E-05
RATE OF CHANGE OF STIFFNESS wW1Th LAMBOA = 2.7933E=06
BUCKLING MODE
CRITICAL HARMONIC z 6
CRITICAL LOAD = 2,091t¢00
s [ Q CAP S
4e0106E401  =44642E401 24191t+01  =B8.660E+0])
441062E401 =4+318E401 3,284L401 “8,394E¢0]
4,2017E401  =4.138Es+0l 4,307E40]  =84532E¢0}
4429736401 ~4+042E401 543076401  =B4987E+01
443929E¢01 =30986E¢01 64317E+Q1) ~3,689E40]
4,4885€+01 =3¢942E401 Te367E+01 =14057E402
445B41E+01  =34894E+01 84479E+01  ~1.160E¢02
4e6T96E40) =3¢821E¢01 9.665E 401 =1e273E402
4eTTS2E+Q)l  =34707Ee01 1409302  =1+392E402
447752E+01  ~3.707E¢01 14093L002  =143492E+02
48747401  =3,533E401 1062336402  =leb21E+02
4,9T42E¢0]  +34285E4¢01 143796602  =].054E402
§¢0737E401  =24956E+¢01 1.533E%02  =14/88E«0?
5e1732E401 =2:+544E401 14694402 =l1e¢921E¢02
G5,272TE+0l  ~2+047E+01 14860E¢02 =24052E402
543721E¢01 =) +468E+0) 20032E¢02 =24)77E402
5.4716E401  =B4094E«00 242096402  =2.295£402
54¢ST11E®0)L  =74494E«01 24389E%02  =2.401E+02
5.5T11E+01 *70494E-01 24389t 02 ~2401E¢02
6§46706E¢0} 7+292E+00 2¢573E¢02  =2.496E+402
5.7700E401 1e597E40! 2.758L402  =245TbE 02
5,8695E401) 2+519E«01l 2e944b 902  -2,640E402
5¢9690E+01 30490Ee0) 3.1296 402  =2.087€+02
640685E401 4+501E401 3,312E402  =24717E902
6,1680E40) 5¢542E+01 3.492E402  =2.728E«02
6,2675E¢01 6e606E+01 3,668Le02 =2.720t¢02

1e0186E=43
9,2308E=n4
92,2308k =04
8,2956E=n4
7,2688E=n4
6,2782€=-n4
9.,2917e=0%
4,3166t=n4
3,3602E-04
2.4294E=n4
1,5305€=n4

M1

=T7.983E4+00
=1.980E¢01
»2,865E401
=3,454E401
=3,758L 01
=3,815E401
~3,655L401
«3,276E¢0]
“2677TE+0]
«2.67TTE+Q)
"1,951E401
=9,948E400
1e566E400
14469E401
2¢910E001
4e451Ee0]
6,065E+01
Te726E401)
TeT26E+0]
9.412E901
1.110E+02
1.277E4+02
14642E402
1.602E402
1.795E«02
1.902E¢02

L3

=2,T14E=p2
=4 568E=02
“he459E=02
=R.410E=02
=1+064E=01
=1e256E=01
=1e478E~01
=1+710E=-01
=1¢956E=-01
«1e954E=0]
=2+219€=-01
*2e495€=01
=2.782€=01
=3.080E=01
=3+386E=0]
=3+701E=p1
=44021E=-01
=4e34bE=Q]
=4¢346E=01
=4:675€=-01
=5+004E=01
=54333E=01
=5¢659E=01
=5:980E=01
=64296E=01
=6s603E=01

ETA

1,203€E=03
B.596E=03
1,616€E=02
24395E=02
3.202E-02
4,041E-02
4,913E=-02
5.,824E=02
6.778E=02
6,778E=02
7.821E=02
8,91¢E=02
1.005t=01
1.123k«01
1.245E=01
1.369E=01
1.,495¢=01
1,624E=01
1.624¢E=01
1.753t=01
1,883k=-01
2.01cE=01
2el6lk=01
24269E=01
24394E=01
2,517E~01

-1,429E=04
«2,169E~03
-k, 168E=03
=b,149E=03
=5,121E=03
=1.,009E=02
-1,209E=02
=1,403E~-02
] 606E=02
=1,600E=02
=1,820E=-02
=2,055€=02
=2,289E=02
-2,526E=02
-2, T04E=02
-3,000E=02
=3,233E=02
~3,461E=02
w3,461E«02
=3,682E=02
«3,897E=02
-hy104E=02
-4 ,302E=02
b 490E=02
b ,669E=02
-4.83bE-02

CHI

=2,033E~02
=2,063t=02
=2,121E~02
~2,199€=02
=2.294E~02
=2,400E~u2
=2,516E=~02
=2,637E~02
=2,760£E=02
w2,760E=02
=2,887E=02
=-3,010€E=~02
=3,126E=02
=3,231E~02
=3,323E~y2
=3,400£~02
=3,460E=02
=3,503E=~0¢
=3,503E=~02
=3,527E=~02
=~3,531E-02
=3,516E=02
=3,481E~02
=3, 426L=02
=3,352E-0¢2
=3,259E=~0¢



87

643670E401
6+36T0E+01
6,4665E4+01
6,5659E+01
6e6054E+01
64,7649 401
6.8644E+01
6.9639E401
T.0633E+01
Tel628E+0]
T.1628E401
T7+2623E+01
7+3618E+01
Teb6)3E+01L
Te5608E+01)
Te6603E«01
Te7S9TE+01]
7¢8592€401
7.9587E+01
7.9587E+01)
B840982E+01
8.1576E+01
8,2571E+01]
8,3566E401
A,450]1E+01
B845556E£+01
8,6551E+01
8.79246E401
B8,7946E401
8.8561E+01
849535E401
940530E401
9,1525€+01
9.2520E4+01
9¢3514E+01
F44509€401
9.5504E+01
9.5504E+01
9.6499E+01
947494E01)
9,8489E4+01
9.94R4E401]
1.0048E402
1.0147E402
1.0267E+02
140346E4+02
1.0346E402
1.0446E402
140545E402
1.0645€402
le0744E202
140R844E+02
140943E+02
1«1043E402
141142E402
lel142€E002

7e683E401
Te683Ee01
Be766E401
9e846E40)
14092E¢02
1¢197E+02
1:299€402
1+399E402
194964E402
1¢585E40¢
1¢585E402
16728402
1¢753Le02
1+828E+02
1+897E+02
1+4959E+02
2+0]15Ee02
2+065E¢02
24107€¢02
2¢)07E%02
20142E402
2¢169E402
2¢190E02
2e204E+02
2e211E002
2¢211E902
2+2064Ee02
2¢191Ee02
2¢191E+02
2¢172E402
2e147E+02
2+116E+02
2¢080Ee0¢
2+039E+02
14993E+02
11943E«02
1+890E+02
1¢89QE¢02
12833E+02
1e773E+02
14710E+02
1e645E¢02
1.578E+02
1+510€¢02
lesslEe02
1+371Ee02
1e37]1E%02
1¢301E402
1+231E¢02
1+162E402
1¢093E+02
14n26E+02
9¢601E¢01
Be960E+0L
8+33BE+01]
B8¢338E+01L

3.,837€E+02
J,837E+02
4,000E¢02
4,154k ¢02
4,300E¢02
4,435kL¢02
4,560L¢02
4,673L«02
4,TTSE*02
4.863k402
4,863E+02
44939t +02
Se001ke02
S5,050E+02
5,086 %02
5.107E¢02
Sel16E¢02
S.l11k¢02
5,093E«02
5,093k¢02
5,0602E+02
S.019E%02
4964402
4,89Tc+02
4.819E+02
447328402
4,630L4+02
4e527E¢02
4,527L¢02
4.412e002
bo2HYE+(2
44159402
4,022cE402
3,880te02
3.733E+02
3.542E¢02
3.428BE+02
3,428E¢02
3.270k¢02
del11Ee02
2.949E¢02
2. 787ES02
2.625€E+02
2¢464E402
24303E4+02
24144t eQ2
2el44t 02
198702
1.832t402
1.,680L+02
149326402
1.388L+02
le24BE+g2
lell2E+02
F.809E+01
9,809k 401

~24093L 02
=2.093E+02
—2.648E+02
=2.585k 02
=245064E002
=2.406E¢02
~24293E402
=2.165k+02
=2+U23Ee02
~1.869E+02
-] 48069E+02
=1+ 70302
w] e 928E+02
=1le344Eey2
~1el535+02
=9 45%7E+0}
“To543E40]
=54498E¢0]
=3,436E40]
=3e436E401
=14370E+01
64884k e00
2e726E¢0)
4.7T31E+0)
6+693E0Q)
BQQOIEOOI
1-0“E002
1e222E¢02
1e222E+02
1e391ke02
1e551E+02
le701E902
1¢842E402
1e9T2E«02
24090E+02
2197402
2e293E402
2¢293E+02
2¢376E+02
2e44TE+Y2
24506E¢02
2e953E¢02
24588E¢02
2e610E¢02
2¢621t 02
2.62UE+02
2e620E+02
2.609E+02
2+95806E¢02
2+553E402
2e511€¢02
24460902
24401802
2e334L <02
2e.261ke02
2ecb b e02

2.041E402
2.06]1E40Q2
2.171E+02
2:292E402
2.402E¢02
2+5V2E¢02
24591E0ue
2069402
2+735E¢02
2.789Le02
2,789F +02
24831ke02
2.8620 )2
2.6.0.002
248900 .02
2.888E¢02
2.8T4Ee02
24851E402
2.817%¢02
2.817€+02
2.774E 02
2.723E402
".663E+02
2.-595E+02
27208402
2+437E«02
24,349E402
2.2564E402
2eln 2
24154E402

2.049Ee02

1.940E402
1.826Le02
1. 708€£e02
1.586E+02
lo4b1E402
14333E¢02
1.333E+02
1,201E602
1.066E«02
9,287E+01
To8B80E«0]
6,442E¢0]
4,973Ee0)
3,469k 401
1.929E+01
10929E001
3.499L 400
=1e4272E401
“2,941te0]
=44660E401]
6,436 0]
«8,274E+0)
=14018€+02
=1,216E¢02
=1s216te02

-6¢900E=01
“he900E=0L
=7.186E«q1l
~T7e459E~01
=7.717E=01
=7¢959E=01
«fe184E=01
=~R¢390E=p1
=B¢577E=01
=geT43E=0)
~ReT43E=0]
=B.B88E=01
=9.011E=01
=9.112E=01
=9+190E~=-01
=94244E=01
=9+275E=01
-9¢2B2€~01
«94267E=01
=Q¢267€=01
=G4228E=01
=9¢166E=01
«9s0R1E=Q]
=Re97SE=01
~8eB4TE=01
~8¢699E=01
=8¢530E=01
=Re¢342E=01
«8e342E~01
=Re136E=p1
=7¢913E=01
=7e6T4E=01
=7¢419E~01
«70150E=01
~eB6BE«p]
~6e574E=n1
=6e270E=n1
=6e270E=01
=5.957€=01
=5:636E=01
=5,308E=01
~4e976E~-p]
=4e540E=-01
~6¢302E-01
=34964E=01
=34627E=01
«3:527E=01
~34293E=01
=2¢963E=01]
=24640E=01
=2+326E-01
=2,022E~01
-107305-01
=) e453Eap])
=1+193E=01
=14193E=-01

2.637E=-01
2.637E-01
2, 1564E=01
2.B66E=01
2.973E=-01
3,076E=01
3,172E=01
3,263E=01
3.34TE-01
I.426E-01
3,626E=01
3.493L=-01
3.555k-01
3.609E=01
3,655L=01
3.692E=01
3,721E=01
3,T740E=01
3,751t=01
3.751E=01
3,752t=01
3.,745E=01
3. T28E=01
3,702E=-01
3.667E=01]
3.623L=01
3,570E=01
3.508E=01
3.508E=«01
3,438E-01
3¢360E=01
3,274E=01
3,1R0E~01
3.079k=01
24971E=0)
2.857E=01
2.T36E=-01
2.736E=0]
24610E~01
2+479E=01
2,344E=-01
2420501
2.063E«01
1.918E=01
1e771t=01
1.623E=01
1e623L=01
1.475£=01
1.328E=01
1o182k«01
1.038t=01
R.977/t=02
T7.619t=02
6.317c=02
5,083E«02
5,083E=02

-%,993E=-02
-4,993E=02
=5,139C=02
«5,273E=02
-5.395E~02
=5,505E=02
=2,603E=02
=5 ,689E«02
«S,T762E=02
=k A22E=02
.5,822E=02
~5,R70E=02
+5.906E=02
=5,930E=02
~3,941E=02
«5,941E=02
=5,929E=02
=5,905E=02
=5,87TVE=02
=5 ,RTVE~02
=5,A25E=02
~5,769E=02
=5,703E~02
=5,627E=02
=5,541E=02
=S, 46TE=0?
«5,364E-02
®5,234E-02
~ue234E=0?
-5.115E-02
=4 ,990E=02
=4 ,R5TE=02
=4, 719E=02
4 ,575E=02
-4 ,425E=02
=4,271E=02
-‘.llJE-OZ
=4,113E~02
=3,951E=02
~3,7d/E=02
=3,620E=-02
=3,451€-02
~2e28lE=02
=3,110E=02
=2,939E=02
=2.769E=02
=2,T69E=02
«2,600E=02
=-2.,433E=02
-2,268E=02
=2,100E=02
=1,947E=0?
=1,792E=0?
=1l,64lE~02
=] ,495E=02
-] ,499E=02

=3,148E~02
=3,148E-02
=3,020E-02
=2,875E=02
=2.T14E=02
«2,539E~92
~ce350E-02
«2,150t=02
=1,938€E=02
~1,717€=02
«1,717€~02
~1,.,488E=-02
=1,251E=02
=1,009E=02
=T7.632€~043
=5,161E-03
=2,633€-03
=1.212E=0s
2,383E-03
2,383E-03
4,868E=03
7,322€-03
9,734E=03
1.,209€=02
1.,640E=02
1.663E=02
1,878E=02
2.084E=02
z.084E=02
2.,281€=-02
2, 4068E=02
2,644E=02
2,808E=02
2.,961E=02
3,101E=02
3,227E=02
3,3641E=02
3,361E=02
3,439E=02
3,523E~-02
3,592E=02
3,6645E=0¢
3,682E~02
3, T01E=D2
3,703e=-02
3,686E-0¢
3,686E=02
3,651k=v2
3,R95E=02
3,519e=02
3.¢P2E=0e
3.o01t=02
3,157e=02
2.988E=02
2,792€=02
2,792E=02
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141242E402
1el341Es02
1e1441Ee02
141540£402
1elbk0E+0Q2
1.1739€+02
1.1339E+02
101933E'°2

BOUNDARY NUMBER 1

RING DATA

EA = 6,7000E+08

SBAR = =0,

BOUNDARY NUMBER 2

B =1sD =0y L VECTOR

BOUNDARY NUMBER 3

B % 1sD 3 Qs L VECTOR

BOUNDARY NUMBER 4

8= 108 0y L VECTOR

BOUNDARY NUMBER §

B =1s0D = 0s L VECTOR

«04520E=02
=74328E-02
=5¢380E=ne
=34702E=02
=2¢325E=02
«14279E=n2
=5:967€=03
=3¢117E=03

EIXY = «1,5000E+05

TeT739E401 B,550L*0] 24183E402 =14423E402
7¢163E¢01 To344E401 24101402 ~1,638E+02
6s612E401) be192L 401 2eU18ED2 ~]1.883ke02
6+087E+01 5.097£+01 12930k 602 «2.099E 02
5e588E401 44,058L+0]) LeB4at 02 =2.346E402
5¢116E+01 3.077Eep1] 1e760E02  =2.605t402
4er70E401 2.153¢¢01 lebBlEe0?2 =2.877L+02
40248E40) ls28BE*Q] 1e608E«02 ~3,163E+02
S = 4,0106E00]
EIX = 1.2900E%06 Ely = 7,5800E¢06
TPHIO = Se1119E¢04 TPHI1 = 2,0454E¢04

§ ® 4,7752E+0}

0 (PeQsSeMl CONTINUOUS)

S = 5,5711E+0]

TPHI2 = «2,2138E+03

0 (PsQsSeMl CONTINUOUS)

S ® 6,3670E40]

s 0 (PsQsSH)ML CONTINUOUS)
5 = 7,1628E+0]
= 0 (PsQsSsM1 CONTINUOUS)

3.930E=02 =] ,35%E=Y2
2+871L=02 =1,218E=02
1.923b=02 =1,NH8E=02
1.100E=02 =3,621E=03
4e2]2Ee0d =8,4]6E=03
«9,562E=04 =7,266E=03
-4,294£=03 =6,1564E=03
~5,580E=03 «5,102E=03
GJ = 6.TBODE+O3

MYQ =3 =3,8970E+04

2.569E=-02
2,316E=02
2,032E=0¢
1.,715E=02
1.362€=0¢
9,731E=03
5,464E=03
T+391E~0s

ZBAR = =4,8900E=01

MYl = =] ,]1530E¢04
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BOUNDARY NUMBER 6

8B = Iy D=0+ L VECTOR = 0

BOUNDARY NUMBER 7

‘B ® 1¢e D300 L VECTOR = 0

BOUNDARY NUMBER @&

B =1yD = 0s L VECTOR = 0

BOUNDARY NUMBER ¢

8 & 1y D= 0r L VECTOR = 0

BOUNDARY NUMBER 10

B ™ Iy D= 0s L VECTOR = 0

BOUNDARY NUMBER 1}

RING DATA
EA = 8,9850E«08 EIX =
SBAR = -0, TPHIO

S 3 7.9587E401

(ReQeSeMl CONTINUOUS)

S ® B8,7546E¢0)

(PeQ@eSeMl CONTINUOUS)

S & 9,5504E¢01

(PeQeSyM] CONTINUOUS)

S = 1.,0346E02

(PeQ@sSeM]l CONTINUOQUS)

S = l.l142Ee02

(PeCeSeMl CONTINUOUS)

S = 141938E+02

8.5800E%07 Ely =

= =3,6260E4+03 TPHI1 = =1,9101E+03

INNER PRODUCT = 7,924E+03

CORRECTED INNER PRODUCT =

7.938E+03

8.,5800E+07 EIXY = =g,

TPHI2 = =1,2545E¢02

[cN]

MY0D =

650GGESOT

2,0340E¢04

ZHAR = =4 ,3875E400

MYl = 9,7000E+03
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MAX ALPHA =

3.615E+01

nela = s,e3/Eey] BETA = s s]vEe.t
FOR BUCKLING MODE (MPENFECTIONs ALPRA =  ¢.93bCeul WETA = 2.96LE*0L AETA = 2.TSLE%ul
MAR UMl [MPERFECTION 2 £4473E+0] TiweS AMYS v _UE 0r aAGuiaR [MPERFECTION
AXISYMMETRIC COMPONENT OF SECOND=ORUER CONTRIBUTION TO BUCKLED STATE
S P Q CAP § M1 Xt ETA cHl
4,0106E¢0] 0. =T«0445E400 0. 240765E401 =3,122R8E=p2 0,7025E=04 Oe 2.9870£~03
441062E¢01 0, ~6.8360E+00 0, 241797E401 =2,8409E~02 «3,7331E=04 0, 3.2813E=93
442017E401 0, =6¢7874E+00 0, 2¢3131E¢0] <«2,5319E~02 =1,7135E-03 0, 3,5918E=03
442973E+01 0O, =64B8699E+400 0. 204690E40] =2,1941E~02 =3,1562E«03 0. 349225€=~03
4,3929E+01 0, =7.0585E+400 0, 246401E40] ~1,8255E~02 =~4,7098E~03 0, 442781E=03
4,4885E4+0) 0. ©7.33]16E200 Qe 24818BE+0) =],6240E=02 =6,3813E=03 O 4,6541E~03
4.5841E¢01 0, =T46691E+00 0, 249972E+01 =9,8721E-03 ~8,1791E=03 0. 5,0568E-03
4.6796E401 0, =8,0519E+00 0, 3,1674E+0]1 =5,1319E=03 <=1,0117E=02 0. 5,4B35E=03
4,77526401 0, «8,4608E¢00 0, 3,3209€+01 5,5511E~16 =~1,2211t=-02 0. 5¢9322E~03
4.7752E+0]1 ~7,0486E«12 =8,4608E+00 0, 3,3209E+0)1 o, =-1,2211E=02 0, 5,9322E-03
4.8T4TE«Q]l «6,9068E=]12 =8,8953E+00 0, 3,4871E401 5,7763E=03 ~],4576E=02 (. 6,4220E-03
4.9742E00]l =6,T708Ex]2 «9,3227L¢00 0. 3.6239E40) 1,2015€E=02 =~1,7137E=02 0. 6¢9331£~03
5+0737E401 =6,6402E-12 =9,7270r¢00Q 0. 3,7249E401) 1,87364E=02 =1,9894L=02 0 Tohb06E“03
§,1732E40]1 =6,5146E=~12 =1,0092E+01 0, 3.7837€401 2,5947E-02 <=2,2849E=02 0. 7e9979E~03
5¢272TE¢0l =6,3938E~12 =~]1.0403E+01 0 347964k 40] 3,3658E-02 ~=2,599bE~02 O 8453B4E~0I
5¢3721E40) =6,2776E~12 =1,0649L¢01 0, 3,7515E¢01 4,1869E-02 =2,9333E~-02 o0, 9.0742€=03
S544716E401 -6,1656E=-12 ~1.08]7E+01 0, 3.,6502E+01 5,0573E-02 =3,2851E-02 0. 9.5969E=03
5¢5711E601 «6,0576E=12 =1.0900£+01 O 3.64868E401 5,9754E~02 =3,6541t=02 0 140097E=02
S5¢5711Es0]l =5,6843E«12 «»1,0900E¢0]1 0, 3,4B6BE40]1 5,9754E~n2 <=3,6541k=02 0. 1,0097E=02
5,6706E¢Q01 =5,5866E~12 ~1.0852E+01 0, 3.2590E+01 6,9386E-02 =~4,0389E-02 0. 140565E=02
847T00Es0]l =5,4923E=]2 <=1,0788E¢01 0. 2.9660E401  7,9435E=02 ~4,438lE=02 0. 1.0991E=02
5.8695E401 =5,4013E=~12 ~1.,0588E¢01 0, 2.6080E¢0] 8,9857E-02 =4,8498BE<02 0. 141366E=02
5.,9690E401 =5,3133E~12 «1,0294£¢0) O, 2,1863E401  1,0060E~01 +5,2720E-02 0, 141679E=02
640685€401 ~5,2282E=12 =~9,5089E+00 0, 17042E401 1,1161E=01 =5,7023E-02 0, 1e1921E=02
641680E+01 =5,1458E=12 =9,4397t+00 0, 1s166b6E+01] 1,2280E=01 =6,1381t=02 0. 1,2084E=02
642675E¢01 =5,0662E-12 ~8.8936E+400 0, 5¢7953E+00 1,3411E=01 =~6,5764E=02 0, le2160E=02
6.3670E40)1 =4,9890E=12 ~8,2814E¢00 0. =4,9890£=01 1.4544FE=-0]1 =7,0l42t=02 0s l.21642€E=02



[4:)

643670E+01
6.406%E401
6+5659€401
6.,6654E¢01
6.TOAESQ]
6,8044E40])
6.9639E491
T.0633E+01
T+1628€491
7.1628E¢01
Te2623E401
7.3618E401
T44613E401
7.5608E+01
7+6603E+01
T+TS59TE+Q1]
T+8592E401
7+9587E+01
7.9587€¢01
8.05B2E4+0)
B841576E«Q1
8,25T1E+Q1l
843566E401
8.4561E401
8,5556E¢01
B,695]E+01
8e7546E+Q1
B8,7546E+01
B8485641E401
8.9835€401
940530E¢01
9,1525€+01
942520E401
943514E401
9,4509E+01
9,5504E+0}
9.5504E+01
946499E+01
Q. T494E«Q]
9.848%E401
Ge9484E+01
1.0048E402
1.0147E+02
1.0247E402
140346E002
1,0346E+02
100446E002
1.0545E+02
100645E402
1,0748€402
1.0844E¢02
1.0943E402
1.1043E402
1e1142E402
1ellé2Ee02
1.12%2E402
1e1341E902

~5,0591E=12
~4,9833E.12
~4,9098E12
=-4,83886E~12
~6,7695E=12
«4,7925E=12
«4,6373Ea]12
=4 ,5741E12
=4,5126E.12
=4,1362E-12
=4,0815E=12
4 ,0282E012
=3,9764E=12
-3,9259E.12
=3,8769E«12
=3,8291E12
'3.78255-12
=3,7371E=12
~1.7888E=12
=~[,76T6E=12
=1,7470Ew12
=1,7268E<12
=1,7072Em12
'X.QBOOE-IZ
*1,6693Ew12
=1,6510E~32
'10633ZE'12
«7,9881E=13
~7,8731€e13
«1,7901E-13
=7,7090E=13
«7,6297E=]2
«7,9521E«13
~744763Eel)
=7,4021E=13
«7.3295E13
~1,5632E~13
=1,5480E~13
=1,5332E~13
-1,5187E~13
=1,5064E13
-l.ﬁ90!E-13
~1,4769E~13
=1,4635E~13
=1,4504E-13
*3,2685E=13
~3,2395E~13
-3,2112E13
«3,1833E~13
«3,1560€~13
~3,1293E«13
=3,1030E~13
=3,0772€-13
'3-0520E'13

0,

0,

0,

~8,2814E400
«T.6138E+00
=6,9018c+00
=641597E+00
«5,4005€400
«4,6374E400
*3.8840E400
«3.1526E400
=2+45528400
«2,4552€+00
=148031E+00
=1,2060E+00
6, T189€E~01
#2.0713E~01

12818S5¢~0)
‘19!072*01

T41806E=01
8,6242E=0]

8,6262E~01
9.2516E=01
9.0779E=01
8,1338E~-01
6e4649E«01
441269E=01

141819E-0i
w2,3011E=0])
=6,42513E=01
«6,2513E~01
»140589E+00
~1,82332400
«240100E400
w2,5)11Ee00
=3.0{94E¢00
=3¢5273E400
=~4,0279E£+00
~4¢5146E400
~445146E400
“4,9814E400
=5.4230E400
=5,8346E¢00
=6+2123E400
6,5524E400
=6,8527E+00
=741112E400
=7¢3264E+00
®7.3264E+00
=7,4980E+00
~T,625TE+00
=747102E400
*T,1525€400
=7.7543E400
=T+ T179E400
*T¢6457E400
“7.5408E¢00
=T +5408E+00
=T44066E+00
7.,246B8E+00

~4,9890E«0]}
*T,1354E400
=] ,4026E401
=241070E«D]
»2,8163E+0%
=3,5196E40!
4 ,2065€401
~4,80662E401
'5.‘832E'°2
=5,4882E40]
»6,0630Ee0"
=6,5814£40]
=7.0354E 0,
“T.4180E401
«7,T232E+01
=7 494066E4n1
=8,0850E+0])
=8,136TE+0)
=8,1367E401
«8,1011€01
=T7.9792E401)
=7.7733E40)
«T448T0E«01
al,..>4TEey
=6,6920E«u]
»bo1959€4+01
»5,6439E401
=5 ,6439E+01
n5,0439E01
~d 40452401
~3,734TE01
~3,0638E+01
=2.3407E+0)
»]1,6348E¢0]
=9,3494E400
=2,4950€400
=2,4950E£00
4,1362E400
1,0466E401
14642TE«Q]
2,1957E401
2:T006E+01
3+1530E+01
3,5494E40])
3.8872E401
3.,8872E401
4,]1651E40)
4,3823£401
4,5389E401
4,6363E4+01
%,6T66E40)
4,6626E4+0]
6,59T6E+0]
4.4858E401
4,4B858E40])
4,3318E401
44140TE0Y

’;h:“E'Ol
1,5671E=01
1,6781€E=p1
1,7866E=p]
+8916E«01
1,9920€=01
2,0868E=-01
2.,1751E=01
2,2559E«01
2,2559Eapl
2,3285€E=91
2,3920E=p1
2.445TE«q])
2,4890C-01
2,5215€-01
2.5426€=01
2,5523Eap]
2.,5502E=01
2,5502E=-01
2,5365E=01
235112E-01}
2.4745E=01
2,4268EwQ]
2.3684Eap]
2,3004Faq]
2,2228E=-p1
2.136TE=p)
2,1367E=01
2.0429€E~0]
1,9423E-p1
1,8358E«01
1,7243E«p1
1,6089€E=01
1,4907E=01
1,3705E=01
1,2494Eap1
1,2494E=91
1,1284E=01
1,0085€E=01
8,9042€-02
7.7511E«02
6,6334E=02
c,5579Ea02
»,5306E~02
3,557T1E=02
3,5571€-02
2,0417€=p2
1,7883E~p2
9,9975E=p3
2.7806E~03
.S.TS‘SE-03
«9,6062E=03
=1,4779E=02
*1,9283E=02
=]1,9283E-02
=2.3137€-02
«2,6365E=02

*7,0142E=02
o7 4482E-02
«T,8750E=02
«8,2911€=02
~8,6930€=02
=9,0771E=02
«9,4398E-02
«9,7777E=02
~1,0087€E~01
«]1,0087E=~01
vl ,0366E=0]
=1,0610E=01
«]1,0817E=01
~1,0984E-0]
»1e¢1110€=01
«1,1193E=0]
*1,1232E~0]
-1,1225€=01
=1,1225E=01
*l,1173€-0}
»1,1075E=01
«1,0933E=01
w]l ,0T46E«01
*1,0517€=01
“iehenoE=01]
«9,9397E~02
«9 ,5959E=02
«9,5959€«02
«9,2195€=02
«8,8137E~02
-8,3820€-02
«7,9283E=02
=T #4564E=02
«6,9705E=02
=6, 47T46E=02
«5,9729E=02
«5,9729E=02
=5 ,4694E-02
-4 ,9681E=02
w o 4T30E=02
«3,9875E=02
»3,5153E=02
«3,0594E=02
»2,6226E=02
«2,2073E=02
-2,2073E=02
=1,8156E=02
w] 4494Ea02
“1,1101E=02
«T 9860E~03
«5,156TE=03
w2,6149E=03
«3,6002E=04

1,6118E=-03

1,6118E=903
3,3068E-03
4,7340E-03

le2l42€°02

1.2025E€=02

1:1804E~02

1.1477E=02

1,1042€-02

1,0500E~02

9,8535E-03

9,1088E~03

8,26264E-03

8,2624E-03

743299E~03
643168£=02
5.,2327E=03
4,0884E=03

2,8957E~03

1,60669E=03

4, 1494E-06
»8,4691E=04
~8,4691E=04
=2,1052€~03
=3,3466E=03
w4 ,5881E=03
~5,7271E~03
*6,8419E=03
~7,8913E~03
*8,8681E=03
*9,75#3E=03
«9,7543E~03
=1.0551E~02
»]1,]1249E202
»l,1844E=02
=1,2331E~02
»14,2709E=02
=1.,2977E~02
=143135€=02
«]1,3185E=02
'1031355.02
=1,3131£E~02
=142977E=02
=1.,2728E~02
=~1,2391E-02
*141973E-02
=1,1483E-02
»1,0928E=02
=1,031BE=02
=1,0318€E=02
*9,6628E-03
«8,9708E=03
=4,2521E=03
*7,5159E=03
=6,T7T14E=02
»6,0272E=03
*5,2913E-03
-4,8713E~03
=4 ,5713E+03
*3,8740E*0)
»3,2055E=03



£8

1elb41E402 Q4
1:1540E402 [\NY
1:1640E402 0,
1:1739€402 0,
1:1839€+02 0,
141938E¢02 0,

400106E¢0]
4e1062E401
442017E07
4¢2973E401
403929E€901
444885E401
4+5841€+01
4¢6798Ee Q]
4.7752E401
4eTT752E+01
49874TE401
4.9742E401
Ss0TITE+QL
501732E401
542727E401
$43721€+01
S5e4716E401
5.5711E+01
525711€+01}
S5e6706E+0)
5+7700E¢01
5¢8695E4+01
549690E401
640685E+01
611680E+01
6026T7SESD]
636706401
6¢3670E+01
604665E401
6¢5659E401
6¢6654E+0]
60T649E+0]
6¢8644E401
649639E40]
Te0633E+01
Te1628E¢01
Te1628E0]
Te2623E¢01
Te3618E¢01
Te4613E40)
7¢5608k+01
T+6603Ee01
T¢7597E+01
T¢8592E¢01

=T.0654E00D
=6 8666L+00
“6,06548E00
=6e4346E+Q0
~6.2104E%00
=5,9868E+00

=4,6080E~03
=5 ,4799€~02
=6,3661E~03
=7,2651E~03
«8,1766E-03
-9,0758E=02
=349994£-03
=1,0953E=02
=141944E~02
=1,1944E=02
~l,30{8E~02
el,4]129E"02
=] ,5269€E=02
~1,6627E~02
=]1,7590E=02
=],8748E-02
-1.9889E=02
=2,1000E=02
~2,1000E=02
«2,206TE~02
-2,3078E~02
«2,4022E+02
=2.4886E~02
-2 ,5659E~02
*2,6330E=02
-2,6892E~02
=2,7336E~02
=2, 7336E=02
«2,7654E=02
-2,7844E=02
~2,7902E~02
w2, ,T82TE=02
-2,7618E=02
-2,7278E=02
~2,6811E-02
=2,6224E=02
=~246224E=02
~2,5521E~02
w2y4713E~02
'2.38095‘02
-2,2821E=02
=2,1757E=02
-2,00634E=~02
=1,9463E-02

O
Qs
O,
0.

0

O
0.
Qe
Qe
Oe
0.
O
0.
0o
Oe
0
0o
'
0.
0.
0
o.
Oe
b
O
['D)
0
0o
0o
0
0o
[
0
Qe
Qo
Oe

Oe
Qe
Oe
O
0
Qe
')
o.
Qe
0.
Oe
O

3,9180E+01
3,6692€401
3,3998E+0}%
3,1159€401
2.8229E40)
245265E401

-2,8996E=02
*3,1068E=02
=3,2607E=02
-3,3667E=02
°3,428TE=02
«3,4513E=02

3,0898E~p2
2,7877E=@2
2,4564E=02
2.0941E=92
1,6987E=02
1,2693E=02
8,0225E-03
2,9528E-03
=2,5388E=03
-2,5388E~03
«8,7372E-03
-7 5439E-02
“2,2662E-02
=3, 0422E8-p2
«3,8719€«02
~4,7558E~02
*5,693]E=n2
=6,6819€~02
=5,0819E~¢2
=7,7191E=02
=8 ,8014E=02
~9,9281E=02
=1,1082E-91
=]1,2267E=01
«1,3473E=¢g1
=], 4692E=-01
=1,5914E=~p]
=1,5914E=01
=1,7128E=01
=1,8326E=01
=] ¢9497E=01
«2,0631E-01
*2,1715E=p]
=2,2740E=p])
=2,3695E=01
=2,4872E~01
=2,4572E=01
=2.5359E=-91
»2,6050E=01
=2,6635E=01
=2,7111E=01
~2,746TE=0]
*2,7703E=~01
=2,7816E=01

5,9041E-03
6,8292t=03
7,5275E03
7,9971E=03
8,2655Ew03
8,3399€-03

~2,8710E=03
~1.9T749E~03
=1,4206E=03
~941067E~04
8 4696E~04
~3,0262E~05



v8

T+958TEe0!
7¢9587E+01
8.0582E401
8,1576E+01
B8¢2571E401
B8+3566E40]
8,4561E4+0)
845556E401
896551E¢01
8e7546E401
8+7546L¢01
8+8541E401)
849535E401
9+0530E401
9¢1525E401
942520E401
943514E+01
3e4509E401
9¢5504E001
9¢5504E401]
9.6499E401
9eT494E«))
9.848%E401
909484E001
1:0048E+02
1+014TE«02
10024TE+02
1:0346€¢02
100346E+02
1:0446E¢02
1+0545€492
1¢0645E+02
160744E402
140844Ee02
1:0943E+02
1¢1043E+02
1el142E¢02
1¢1142€e02
1e1242E+02
1e1341€402
leléélEs02
115408002
1e1640E+02
141739E+02
141839k 02
1.1938E+02

-] ,8258E=02
«l,8258E-02
=] 4,7030E~0Q2
«],5796E=02
«],4567E=02
=],3357E=02
=],2176E=02
«141037E=~02
«9,9510€-03
«8,9271E=03
-8,9271€£~03
=7.9T736E~03
-7 .Oqe‘ﬁ'03
-6,3075E~03
=546061E~03
-4,9970E~03
b 4835E=03
wh,0665E€=03
~3,7460E~03
=3, T460E~Q3
«3,5203E~03
~3,3869E~03
=3,3422E~03
«3,3814E~03
«3,4983E=03
«3,6864E~03
~3,9382E~03
wd ,2456E=03
~4,2456E=03
-4,5999E~03
-4 ,9921E=03
=5,4129E=03
«5,8532E»03
~6,3033E-03
w6y T948E=03
=7,1995€=03
«7,6297E=03
=7,6297€E=03
«-8,0381E~03
~8,4197E~03
~8,7703E~03
«9,0873E~=03
=9,3690E~03
~9,617TE=03
=9,8371E~03
=] ,0034E-02

Oe
0o
Qe
'
0o
0o
0o
0o
0o
0o
Qo
Oe
Oo
O
0o
O
Oe
0
0o

['D
[N
0.
O
Oe
0.
0
O
O
Q¢
0o
Qe
0
0s
0
0o
0.
[
0.
0o

0o
0
Qe
Qe
0o

~2,7803E-901
=2,7803E=01
»2,7664E=0]
«2,7399€E=p1
=2,7013E=-901
=2,6507E~01
«2,5886E~01
=2,5158E=01
=2,4328E=~01
=2,3406E~01
=2.3406E=01
=2,2398E-91
=2,1316E=91
«2,0170E=01
=1,8970E~-01
=147725€E=01
=1,6449E=01
=1,5152E-01
=]43844E=p]
*],3844E=01
=1,2535E~-01
=1,1237€=91
«9,9587E=02
=8,7101E=02
=7.,4989E=02
=6,3333E=02
=5,2199€=02
=4,164TE=02
=4,164TE=02
~3,1722¢8=02
=2,264T0E=-p2
=1,3924E=~02
=6,1031E=03
9,7670E=04
7+3131E~-903
1,2911E=02
1,7783E=02
1,7783E=02
2o1946E=p2
2.54208E~02
2,8261E=02
3,0480E-02
3,2)125€6=02
3,3239¢e =02
3.3868E=q2
3,4059E=02



68

NON=AXTSYMMETRIC COMPONENT OF SECONU=-QRUER CONTRIBUTION TO BUCKLED STaTE

S

4.,0106E+01
4.1062E401
442017E+01
402973E401
4,3929E 01
4,4885E+01
4¢5841E401
4,6T96E+Q]
4, TTS2E+01
4. TTS2E+01L
44874TE+0]
4.9742€+01
5.0737E+01)
Se1732E401
5.2727€+01
Se3721Ev01
5.4716E401
5¢5711E¢01
5.5711€+01
5.6706E+01
SeTT00E«0)
S5.869%E 4]
549630E401
6.0685C+0)
6+1680E4Q]
642675E401
6+3670E+01L
643670E+01
6+4665E401
6+45659E401
6.6654E+01
6.7649E+01
6.8644E+0])
6:9639E¢01
7+0633E¢01
741628E+Q1L
T¢1628E+01
7.2623E+01
T7436)8E+01
Te4613E401
7.5608E4+01
7.,6603E+01
T7+47597E+01
7.8592E+01
7.9587€401
Te9587E+0]
8,0582E+01
841976E401]
8¢2571E401
B8,3566FE+01
8.4561F+n1
8.5986E+01}

p

1,8591E+00
2.9470E40¢
4,1088E+00
5,2943E4+00
6,4847E¢00
7,6887E400
B,9266E4+00
1.0210k901
1.1553E+01
101553E401
143017€E+01
1.4534E401
1.6093E401L
1.7680E01
1,927%€4+01
2.0858E401
2,2408E401
243900E+01L
2¢3900E40)
2.5307E+01
20661°E001
2,7781E401
2.8817€401
2.9679E+01L
3,0358E+01
3,0840E¢01
3,1112F«01
3,1112E+01
3,1164E401
3,0991ke01
3,0591E+01
2.9961€401
2.9105E+01
2.8028€+01
2,6737€+01
2.9242E401
245242E401
2,3556E+01
Cel694E+Q]
1,9674E+01
1,7512E+01
1.5231E+01
1,285]E+01
1,0393E+0}
7.8796E400
7,8796E400
5,3343E+00
2,7792E400
2,3598€E-01
-2,2735E¢00
=4,7299E+00
=7.1132€+00

Q

=2.0174E=01
2+9188E+00
5¢7653L+00
8.3081E+00
1.0560E+01
162557901
1e4346E+0]
15967201
1e76457L01
1e7457E 0}
18895t +0}
24023701
20 1484E 0]
2e2625L 0]
243649901
244542E+0]
245289 00)
2¢5873E+01
2+5873L+01
246279k 901
2:645TE0])
2065156401
2:6324F401)
205919£40]
245295k 401
2.4451€+0]
203392E+01
233928 ¢0])
22119001
24064201
148969E40]
1:T112E401
1.5086E90]
1.2908k+01
100596E¢0Q}
Be1704E¢00
8¢1704L 400
5.,6528£+00
3.0055E400
4432]15L=01
~242214E+00
“4,8679E+00
=T744837E00
~1e0045E+0]
=1,2528k+01
“1e2928E4¢01
“144912E401
=1.7173E+01
«1.9293L401
=241254E401)
~2.3041E401
=2440640£¢0])

CAP S

-1,1388E+0}
wl,1372E4+0})
=lel043k+0]
«1.0607E+0Q])
=1,0172E+0})
=9,8117E+00
~9,5697L+00
~9,4420E+00
=9,4186E¢00
~9,4180E+00
"9, 4423k+00
=9,4233E+00
=9,3]59E+00
=3.,0954E¢00
=8,7375E+00
«8,2286E+00
“T,55T6E+00
“6,T167€E+00
=6,T16T7E+00
»5,7262E+00
«4,5016E400
«3,2927E+00
=1.,8778E+00Q
23,4544E=0)
1.2819L+00
2.9808E+Q0
4,7388E+00
4,7388E+00
6,5259E+00
8,3192E+00
1.0101E+0})
1,1845E40)
1.3527E+01
1,5127E+0}
1,6621E4+0)
1,7986E4+0}
1.7986E40]
1,9212E¢0)
2402T9E+0]
241163E+0)
2.,1848E+0)
242332E401
24261 3E40}
2.2687E+01
2.,254TE+0)
202547k +0)
2.,21928+0)
2,1631Ee0)
2+0875k9+0]
1,9930E+0}
1,8808E+0)
1e7520E40]

M1

=1.,0360E400
=lel531E=Q]
T.0132k«0]
1.4239E+00
210579« 00
246166L400
3,1064E+00
345262400
3,8807L«00
3.8807E+00
442189E400
4,4538BE400
4,5525E400
4,4840E400
4422416400
3.7517E+00
3,0455€400
240859E400
2+:0869€400
846519E-0]
=642605E=0]
=2,3950L 00
=4 44 TBE+0Q
«6,7B06E+0Q0
=9,3831E00
=1+2251E401
=1¢5374E40]
=1,5374E40]
~148733E40)
=2,2308E401
=246078E+0]
=3,0020t401
=3.4101E+0]
=3,8291E+01
«4,2559E+01
~4,6867Le0}
=4,6867L+0]
=5,1181E40])
=5,5459E401
=549665£+01
=6,3762E40)
‘6.7712E001
=7.1979E4+0]
=745029L 401
=7.83c¢BEe0]
=T7.8328E401
=B,1344E401
=8.4051E401
~8,6422L+01
~8,8635E401]
=9,0071E401
=9,1311E¢01

X1

2,2001E~p%
4,6015E=04
7.,2693E=04
1.0171E=03
1,3460E=-03
1,7278E~-03
2,1769E=03
2,106%E=03
3,3319€<03
3,3319E=03
4,0985E-03
4,9994E203
6,0513E=03
7.,2708E«03
8,6733E=03
1,0274E-02
1,2086E=-02
1,4122E«02
1,4122E-02
1,6391E=02
1,8901E=-02
2,1659E-02
2,4665E=02
2.7923E=02
3,1426E=02
3,5170€-02
3,9144E=-02
3,9144E=02
6,3336E=02
4,7730E=02
5.,2307E=02
5.7045E=n2
6,1920E=02
6,6903E=02
7.1964E=p2
T,7071E=p2
7.7071E=02
8,2190E=02
8,7284E=02
9,2316E=02
9,7249E=p2
1,0204E~01
1,0666E=01
1,1106E=01
1,1520E=01
1.1520E=0n1
1,1906E-n1
1,2260E=01
1,2577E=01
1,2857E=01
1,3N94E=01
1,3288E=-01

ETA

3,1941E-04

1,1925t=04
=7,8201t=05
w2,8194E=04
=5,0038E-04
=7 ,6096E=~04
»1,0108E=03
*1,3173t=03
«1,66TTE=0Q3
-] ,667TE=03
-2,0876E«03
=2,5708L=03
-3,1229E=«03
=3,7487L=03
=4,45]18E~03
«5,2355E-03
~6,1018E=03
«7,0521E=03
«7,05921E=03
=8,0869E-03
«9,2059E-03
«1,0408k=02
-1,1692E-02
»1,3055E=02
el 4494E=02
»1,6C05E=02
~]1,7584E~02
=]1,7584E=02
~],9226E-02
-2,0925t=02
-2,26T6E=02
-2,4471E=02
-2,8303E=02
-2,8164E=02
«3,0046E-02
.3,1941E=02
«3,1941t=02
-3,3838E-02
«3,5728E=02
«3,7599E=02
«3,9442E-02
b 1245E=02
.4,299T7E=02
=4,4685E=02
-4,6299E202
=4,6299E=02
-4 ,7826E=02
4 ,9255E=02
«5,0573E~02
«5,17708=0¢
=5,2834E=02
=5,3754E~02

v

~443912E=05
4, T86TE=06
S5¢7606E=05
141982E-04
149554E=04
248883E=-04
440326E=04
Se4]91E=-04
7.0818E~=04
7.0818E~04
941426E~04
1.1558E=«03
1e4342E=02
1+7506E=03
2+1049E-03
2:4971E=03
249257€=02
3,3892E-03
343R92E=02
3.8853E-03
404106E=03
449612E-03
S+5329€=03
641209E-03
647201E=03
T+3248E-03
7.929¢E=03
7¢9294E=03
8,5281E~03
9,1150£=03
946843E=03
1:0230E=02
1+40748E=02
1,1232E=02
1+1678E=02
1.2082E~=02
1¢2082E=02
1,2440E=02
142749E=02
1:3008€=02
143214€=~02
143366E=02
1434064E=02
1.3507€=02
1,3497E=02
1:3497E=02
1.3435E=02
1¢332¢E=02
1+316l€E-02
142954E=02
142703E=02
1-26!3E-02

cHl

3,0033E-04
340527€=04
3.2219E=04
Je5716E=06
4,0B875E=04
4,7633E=04
54,5983E-04
6545919E=04
TeTA59E=04
T« TASGE=04&
9,1219E=04
1.0678E-03
le2411E=03
1e4316E~03
1.6381E=03
1,8594E-03
2,0939E~02
243395E=03
203395€=03
2|59‘OE‘03
24.8550E~03
3.1199€=03
3,3855€=03
3,6490E=03
3.9071E=03
441566E=03
4,3941E-03
4,3941E~03
4,6162E=03
4,8197E-03
S¢0015E=03
541584E~03
5.2BT6E=03
5,3863E=03
544521E=03
5,4829E=03
S¢4829E=03
5,4767E=03
Y944323E=03
$43484E=03
8 ,2244E=03
540601E=~03
44B554E=03
446109E-03
4,3276E=03
443276E=03
4,0066E=03
3,6498E~03
3,2592€=03
248371E-03
24.3860E-03
1¢9092€E=03



98

8.6551E+01
8.7546E+01
BeTS548E Q]
8.,8541E+01
8.9535€E401
9.0930E401
941525€401
9+2520E401
943516E401
9.4509E+01
9,5504E401
9.5504E+01
9.6499E+0)
9, T494E«01
9,8489E+01
9.9484E+01
1.0048E402
1.0147EeQ2
1.0247E402
1:0346E¢02
140346FE+02
140446E4Q2
1.0545E+02
1.0645E¢02
1¢0744Ee02
1.0844E402
1.0943E+02
1.1043E¢02
1.1142E+02
11142E402
1+12642E0Q2
1o1341Ee02
1e1441E+02
1.1540E402
1e1640E002
141739€¢02
11R39E 02
1+1938E+02

~9,4048E4+00
~1,1587Ee01
~]1,1587E+01
=1,3646E¢0!
=1.35569E+01
=1,7344E¢D]
=1,8962E4+01
=2,0616E+01
=2,1700€E+01
=2.2811E+0}
«2,3749E+01
«2,3749E+01
~2,4512E+01
=2,5104E01
~2,5529E+01
=2+5793E401
«2,5904E+01
=2,5870E+01
=2,5701E+01
*2,5410E001
=2,5410€+01
«2,5008E¢01
-ZOSSIOE.OI
=2,3930E.01
=2,3284E+01
«2,2586E401
-2,1852E+01
=2,1098E401
«2,0338E+01
~2,0338E.01
~1,9586E«01
«1,8855E+01
-1,8154E401
«1,749]1E+01
=1,6870E+01
~=1,6288E401
=145739E.01
«145209E¢01

*«2.6040£¢01
~2.7232640]
»2,7232E+01
248209k 01
=2.8969L901
=2.9509E€401
=2.9829E+0]
=249932E¢01)
=2.9822E¢01
=~2095(¢5E+01
=~248992E+01
«2,8992E+01
=2.,8290E+0])
~247412E¢01
=2.6369E+01
=2.5)76L+01
*2+3845E4+01
~242393E¢0])
©2,0834E+01
~le91B84E*0]
=1.9184E401
=1eT459L Q)
*1.5675E¢01)
=1+3849L¢0}
=1.1996E401
=160133E¢01
=8,2740£+00
n644340L+00
“4.6261L*00
=4,6261E+00
*2,8621E400
=141518E¢0Q0
4497a47L=0]

2.0819E+00
360228400
5,0637E+00
6.4TBBE*Q0

T¢8683L¢0Q0

1.,6083E+0}

lo4518E+0]

1.,4518E40)

1,2845E+0]

1.1078E+01

9,.,2436E000

7433368400

S.4U026E¢00

3,4594E+00

1.5233E+00
=3,8679E~0]
«3,8679E=01
~2.2538E¢00
~4,0010L+00
«5,7910E¢00
=7.4296L+00
=8,9635E+00
«1.0379E+0}
~1,1663E+0)
=1,2806E401
=1,2806E+0]
«],3799¢L+0}
=1,4633E+0]
=1,5302E¢0})
=1.,5802E+01
®1,6132E+01
1,6294E+0]
=1.6296E¢0]
=1.6148E¢0]
=1.0148L+0]
=1,5872E+0]
=1,95496E+0}
=1,5061E+0}
=1e4620E+0}
=1,4244E4+0]
w1,4026E+0])
=1.,4082E+0]
=1.4956E+01]

=9,2142E40}
=9,2557E«01
~9,2557E+0])
=9,2552£40)
=9,2122€01
~9,1267E+0)
=8,9991E+01
~8,8303E401
~8,6208E401
«843717E+0])
=8,0842E401
=8,0842E+0])
=7.753TE+0}
~743999E€40]
~7,C062E¢0)
=6,5801E+01
=6,1230E40)
«5,6362E+01
~5,1203E+0)
~4¢5762E¢01
=4,5762E01
=4,0040E401
=3,4035E40]
=247738Ee0}
~2,1130E+0]
=1le4191E+0]
-6,8840€400

843560E«01

9,0241E400

9,0241Le00

1477508401

2.7095E40]

347157E+0]

4.B0A6ESD]

5.9894E40}

7.28388401

847039E40}

14026TE+0Q2

1,3435E=01
1,3535€=01
1,3535E=01
1,3584E~01
1,3583E=01
1,3531E=01
1,3426E=01
1,3270E~p)
1,3061E=01
1.,2802E=01
1.2494E=p]
1,2494E=0]
1.2137E=01
1,1733E«01
1,1286E=01
1,0797E=~01
1,0270E=901
9,7083E~02
9.1151E=02
B,4947E=02
B8,4947E=02
7,8514E~-02
7,1901E=02
6,5162E=02
5,8353E-02
5,1536E=02
4 ,ATTTE=02
3,8148€E-02
3,1727Ew»02
3,1727E=02
2,5601E=-02
1,9864E=02
1,4621E=02
9,9857E=03
6,0863E=03
3,0656E=03
1,0814E~03
3,0959E=04

=5,4520L-02
-5,5122E=02
-8,5122E=02
-5,555¢2E=-02
~5,5801E=02
«5,5863EL-02
«5,5733E=02
=5,5404E=02
=5,4875E-02
«5,4142E=02
«5,3204E=-02
«5,3204E-02
=5,2064E=02
~5,0T21E=02
-4,9182E=-02
b ,T450k=02
-4 ,5533t=-02
-4 ,3640E~02
-4,1181E=-02
=3,8769E=02
=3,8T69E=02
=3,6217t=02
~3,3543E-02
=3,0766t=-02
=2,7907E=02
=2,4993E=~02
2,2050E=02
«1,9109t=02
»],6209E=02
=1,6209t=02
=],3389E=02
=]1,0699E<02
«8,1915k=03
=5,9314£=-03
=3,9908E-03
-2,4551E=03
-1,4228E-03
«1,0080E~03

1.2086E=02
141726E€=02
141726€=02
1.1336E=02
1.0921E=02
140484E=02
1.0029€E=02
945595E=023
9.0789E~03
8¢591VE-0)
840990E-03
8,0990€-03
T7.6059€=03
Te1148E~03
6.6285E=03
641494E=02
5.,6800E=0)
542224E=01
4.7784E=02
443497E=03
‘03‘91E‘03
3.9376E=023
3,5432E=03
3.1676E-03
2.8112€=03
244T744E=03
2+1573E=-03
148593E«03
1.5800E~03
145800E=03
1.3181E=-03
1.0721E=03
B8+4034E~04
642031E=04
4,0922E=-04
2.0393E-04
8+5480E~07
=2,0391E~04

1.4098E=03
849134E~0¢
8,9134E~04

345750E=04
=] ¢8804AE=04
=7,4138E~0¢
=142985E=03
=] +8555E=03
~2,4082E~03
®2.9525€E=03
«3.4B43E=03
«3,4B43E-03
=3,9998E£-03
~4.4946E=-03
~4,9650E=03
=5,4068E=-03
=5,8162E=03
=6,1892E=03
-6,5219E=023
=6,8102E=03
-6,8102E=03
=7,0499E=03
=7,2365€=03
«7,365]1E=03
=Te4IVTE=0I
*T,4274E=03
=T7+348TE-03
*T41BT4E=03
*6,9352E=03
=8,9352E~03
*6,5823E~03
=6,1178E=03
=5,5290t=03
=4,8011E-03
«3.9170£~03
=2,8575€=-03
=1,6005E~03
=142073E=04
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4«0106E+01
4e1062E401
4e2017E401
442973k401
443929001
404885E+01
4¢5841E00])
446T796E+01
4a7752E901
4sT752EQ)
448747Ee01
4e¢9742E401
5:0737E+01
Se1732E¢01
542727E+01
Se3721Ee01
5:4716E401
545711k 01
Se5711E+01
546706E+0])
5:7700E+01
5e8695E+01
549690Ls01
6+0685E401
6+1680E4+0)
602675E401
63670E+n]
6e3670E40]
6e4665E401]
6¢5659E¢01
606654E401
66 T6A9E+Q]
698644k en]
609639E401
T700633E901
741628E+0]
7:41628E+0]
7¢2623E401
T+3618E+01)
744613E401
7+5608E+01
7+6603E¢01]
T47597€¢0]
7¢8592E+0])
7¢9587E401

3,4949E~04
2.0010E-06
S.7583E=05
=-8,3652E=-05
=24,2851E=-04
=3,8394E~04
=5,5167E=04
=7,35397 =04
«§,3853k=04
-9,3853E~04
«l,1709E=02
=1,4278E=03
“1,7103E=03
«2,0170£=03
~2,3453E-03
=2,6924E=03
=3,0542E=03
©3,4264E~-03
«3,4264E-03
~3,8034E=03
-4,1801E=03
-4 N5Q7E=03
-4 ,9095€E=-03
=5,2504E=03
=5,5681E«03
~5,8572E~03
=6,1131E-03
=6,1131E=03
=~6,3308E~03
-6,5070E=-03
«6,6385E=03
-6,7228E=03
=6,7575E~Q3
-t ,T7422E=03
~6,6766E=03
~6,5611£-03
=6,5611€=03
-6,3967€=03
~5,1853E=03
«5,9296E-03
~5,0324E-03
*5,42969E~03
=4 ,9276E~733
=4 ,5288E=03
-4,1051E-03

~443912E~0S
44 TBETE=06
54 T60U6E=0S
141982E=04
149554£ =04
2.8883E=04
44 0328E=04
Se4191E=04
T7.0818E=04
T40818E=04
S l426E=04
1+1558E=03
1e4342E~03
1¢7506E=023
241049E=03
204971E~03
249257€=03
343892€-03
3.3892¢~03
3,8853e-03
404]106E-03
4.9612€=03
S5¢5329€E-03
641209€E=02
647201E-03
Te3248E=p3
Te9294E=03
Te9294E-03
8,5281E=-03
941150E-03
S46843E=03
1¢0230€=02
140748E=02
1.1232E~02
1e1678E=02
1.2082E=02
1+20B2E=~02
1e2440E~02
142749E=02
1+3008E=02
103214E=02
143366E=02
led464E=02
143507E~02
143497E=02

=],4103E=04
=4,3]116E=p4
=7.,2882E=n4
=1,0521E=03
=1,4177E=-03
=1,8403E=p3
=2,3358E~=03
=2,9192E~03
=3,6059E=03
«3,6059E=03
= o4480E=03
~5,4371E=03
=6,5911E=03
=7,9277E=93
=9 ,4625E=03
~1,1212E=02
=1,3189E=-02
=1,5408E~02
=1,5408E=~02
«1,7877E-p2
«2,0603E=02
=2,3594E~02
~2,6851E~p02
=3,0372E=02
=3,4]155E=02
~3,8193E=02
=4,2475€=02
~4,2475E=02
=4 ,6983E~02
=5,1705E=02
=5,6621E-02
~6,1707E=92
=6,6932E=02
=7,2273E=02
=7,7696E=02
=8,316%9E=02
»8,3169E=02
~8,B8650E=-02
=9,4107E=02
=9,9501E=02
~] ,0479E=pl
=1,0993E-p1
~]1,1489€~p]
“1,1962E=01
*1,2409€=01
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B8e7546E401)
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8+9535£01
9+0530E401
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9e2520E401
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9+6499E401
947494E401
948489E+01
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140346E402
1.0346E+02
140446E402
140545E¢02
1:0645E+02
140744E402
1:0846E402
14094302
1:1043E4+02
l1al142E402
1e1142E¢02
141242€402
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1:1441E402
141540E402
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1+1839E¢02
1¢1938E¢02

PREBUCKLING STIFFNESS =

=4,1051E~03
«3,6608E-03
-3-201‘&'03
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’1.3123E'03
~8,5181E~0¢
«4(0535E~04
=4 ,0535E~04
2,2612E=05
4,2826E=04
8,0789E=04
1.1582E=03
1.,4762E~03
1:7591E-03
2,0049E=03
2,2117€~03
2,2117E=Q3
2.3778E=03
2,5027€=03
2,5858E-03
2.6271E=03
2e6271E-03
2,5870E=03
2,5083k~03
2¢3930E=03
243930€E=-03
2,2434£~03
2,0631E=03
1,8558E=0)
1.6257E~03
1.,3777€E=03
1.1174E=03
8,5062E=04
$,8331E~04
5,8331E~04
3,2281E~04
T.6128E~05
.l ,6941E=)4
«3,4650E«04
w5,0799E~04
=6,2723E~04
«6,9865E-04
«741812E=Q4
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142614E=05

1:3497E=02
103635E=02
143322E~02
1+3161E=-02
1e2994E~02
142703E~02
1e2413E=~02
1e2086E~02
1e1726E~02
1e17¢6E=02
1¢1336E~-02
1+0921E=02
140486E~02
1+0029€E=02
945595E=03
9.,0789€=03
8.5910E~03
840990E-03
840990€=03
746059E=03
T+114BE~03
646285603
6414964E=03
5.6800E~03
§.22264E=03
4, TTB4E=03
44349TE=02
443497E-03
3.9376€-03
3e5432E=03
3.1676E=03
2¢8112E=03
2.4744E-03
2¢1573E=03
1.8593E=03
1+9800E=03
1.5800E=03
1.3181E=-03
1.0721E=03
B8e4034E=06
6.2031E=04
4.0922E~04
240393L =04
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«2:0391E=04

POSTHUCKLING STIFFNESS =

=1,2409E=01
=1,2825E~01
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*1,4333€=01
=] ,4499Eag]
=l,4614E«0]
=l ,4614E=0]
wl,4676E=p]1
=],4684E=01
=], 4638E=01
=1,6536E~01
=l ,4379E=p1
el 4166E=01
=1,3898t =0
=]1,3578E~91
~1,3578E~01
=] ,3204E=9]
=1,2780€=01
=1,2308E=pl
’101791E'01
=l,1231E=p!
~1,08632E=01
-9,9987€«¢2
=9,3344E-02
=9,33644E=02
-8 ,6432E=02
«7,9311E=02
=T.2034E=p2
«b6,8663F =02
-5,7258E=p2
=4,9897€=n2
4 ,2657E=02
=3,5623E=02
=3,5623E~p2
-2,8888€-p2
~2,2561E=n2
=1,6758E=02
=1,1609E=02
=T42601E=-03
«3,8770€=03
=l,6448E=p3
«7,7209E=p4

CIRCUMFERENTIAL WAVES, 8 = =1 ,6709E-01
2,2939E-05



APPENDIX D

COMPUTER PROGRAM DOCUMENTATION

This appendix consists of program details necessary to modify the
program but unnecessary to use the program. This information is divided into
four main parts: (1) an overall logical flow chart of the program; (2) brief
descriptions of contractor-supplied subprograms; (3) a glossary of the major
FORTRAN variables; and (4) a listing of the source program.

Overall Logical Flow of Postbuckling Program

MAIN

Read and write case title card
IDONE = 0

ITER = 0

Call OVERLAY 1
OVERLAY 1

Read case option card: NSG, NWP, NFM, NST, NPG, NML, NIC, RTABL,
I1SS4, 1SSWée

FN = O.
If NSG = 1, LSTAB = 1 (Max entry no. to be determined from input
geometry cards)
If NWP = 1, LTAB(I) = 1 (No. of layers for each subinterval to be determined

from input wall properties cards)

Read basic input tables
Geometry: NOUT2, NOUT1l, TS, TR, TRP, TRR2
Wall properties: TEl1, TE2, TE12, TNU1l, TH
Foundation moduli: TK1, TK2, TK3
Stringer properties: TEAST, TEIST, TGJST, TZBST
Pressure gradient: TX3X, TX3Y

Read standard prebuckling data (if NML # 0)
FLAM, LTYPE
TTPHIN, TTIN, TT2N, TCHIN
TTPHIO, TT10, TT20, TCHIO

TX30
Read additional prebuckling data (if NML and ISS4 # 0)
TMYN, TMYO

TMIN, TM10, TM2N, TM20
TPHI1, TT11, TT21, TCHI1
STIFN, STIFO
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Write statement telling if live or dead loading
Write geometry table (if NSG input as 1)
Write wall properties table if input
Write foundation moduli table if input;

if not input and NFM = 1, set to zero
Write stringer properties table if input;

if not input and NST = 1, set to zero
Write pressure gradient table if input;

if not input and NPG = 1, set to zero
Write prebuckling data (if NML # 0)
Read buckling mode data

FNC, NTLC, GUESS
Write harmonic number (F!C) and critical load (FLAM + GUESS)

Read and write buckling node response variables for each point, (CP, CQ, CS,
cMl, XI, ETA, SV, CHI)
Compute buckling mode shell stress resultants: TT1C, TT2C, TT12C
Compute buckling mode rotations: TCHIC, TPSIC, TTHETC
Compute buckling mode normal strains: TEPS1C, TEPS2C, TCAP1C, TCAP2C
Compute prebuckling shell stress resultants and rotations at buckling load:
TTiNO, TT2NO, TCHINO
If NIC = 0, make NOUTl-table negative at all boundaries except dome closures
and rite "ALL B /UNDARY DATA TAKEN FRO} FD.. 17US CASE"
Read or generate bounda §y conditions for each b. uncary:
a) 1If NOUT1 = (, set boundary condition matrices for force free
boundary: LBP = I, BD = 0, SL = 0 and write same
b) If NOUTL = 1, read & write ring data: TEA, TEIX, TEIY, TEIXY,
TGJT, TZBAR, TSBAR
Write ring prebuckling data: TTPHIN, TTPHIO and
TPHI1, TMYN, TMYO (if ISS4 # 0)
(If NOUT1l = -1, use ring data already in memory and write
"BOUNDARY DATA TAKEN FROM PREVIOUS CASE")
Compute boundary condition matrices (BBP, BD, SL) and buckling
mode stress resultant and rotations (TPHIC, TWXC, TWYC)
c) If NOUT1 = 2, read and write BBP, BD matrices and set SL vector
to zero
(Lf NOUTL = -2, use BBP, BD, SL already in memory and write
"BOUNDARY DATA TAKEN FROM PREVIOUS CASE")
Compute prebuckling stiffness at buckling load: STIFNO (if ISS4 # 0)
Compute and write inmer product (PRODC)
Correct and write corrected inner product (if ISS4 # 0)
Compute and write o(AMAX) for worst imperfection shape
Compute and write B(BMAX) for worst imperfection shape (if ISS4 # 0)
Compute and write a(AMODE) and ratio (FIl) of max normal
amplitude to angular amplitude for buckling mode imperfection
Compute and write R(BMODE) for buckling mode imperfection (if ISS4 # 0)
Compute 07.e71 (S1EL)
Buffer out labeled common (TAPE 1)
Compute BBP, BD, SL for dome closure(s) (if NOUT1 = 4)
If FNC = 0., compute and write lst postbuckling coefficient (SA) and stiffness
K* (if ISS4 # 0); set IDONE = 1 and return to MAIN for mnext case
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Set up artificial rigid body constraint(s), if necessary, for boundary
value problem for axisymmetric componént of second-order post-—
buckling state

Return

MAIN

Check to make sure all buffered data is out of core
Call OVERLAY 2

OVERLAY 2

ITER = 3

Compute complementary solutions (PRU, PRV, PRW, PRZ) for axisymmetric
component of second-order state

ITER = 1

Compute particular solution (PRG, PRJ)

Combine complementary and particular solutions to form axisymmetric
solution (Y, Z)

Return

MAIN

Call OVERIAY 1
OVERLAY 1

Buffer in labeled common

Write axisymmetric solution

Check to make sure all buffered data is in core

Compute associated shell stress resultants: TT1S0, TT2S0
Compute associated shell rotations: TCHISO

Compute associated shell strains: EPS150, EPS250, CAP1S0O, CAP2S0O
Compute associated ring stress resultants: TPHISO

Compute associated ring strains: TEPSSO

If ISS4 # 0, compute 00*'62 (SOE2)

FN = 2,%FNC

Save NOUTl-table

Make NOUTL negative at all boundaries except dome closures
Recompute BBP, BD, SL matrices for rings (NOUTLl = -1)

Restore NOUTl-table for next case

Buffer out labeled common

Recompute BBP, BD, SL matrices for dome closure(s) (NOUTL = 4)
Eliminate artificial rigid body constraint(s) if necessary
Return
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MAIN

Check to make sure all buffered data is out of core
Call OVERLAY 2

OVERLAY 2

ITER = 4

Compute complementary solutions (PRU, PRV, PRW, PRZ) for nonsymmetric
component of second-order state

ITER = 2

Compute particular solution (PRG, PRJ) for nonsymmetric component

Combine complementary and particular solutions to form nonsymmetric
solution (Y, Z)

Return

MAIN
C..11 OVERLAY 1
OVERLAY 1

Buffer in labeled common

Write nonsymmetric solution

Check to make sure all buffered data is in core

Compute associated shell stress resultants: TT1SN, TT2SN, TT12S
Compute associated shell rotations: TCHISN, TPSIS, TTHETS
Compute associated ring stress resultants: TPHISN

Compute associated ring rotations: TWXS, TWYS

Compute and write 2nd postbuckling coefficient (SB)

IDONE = 1

If 1SS4 # 0, compute K* (STIF) and write STIFNO and STIF
Return to MAIN for next case

Subprogram Descriptions

MAIN
This program always resides in core and calls the two primary

overlays. It reads and prints the title card and terminates the job when
completed., A flow chart of MAIN is shown in Figure 10.
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PRIMARY OVERLAY 1

This overlay consists of three contractor-supplied programs: INPUT,
INT1, and 1112, INTl and I1I2 are quadrature subprograms called by INPUT.
This overlay essentially performs all functions other than the actual
solution of the differential equations for the second-order postbuckling
state,

INPUT

This program reads, writes, and processes all of the input data. It
prepares the boundary conditions for the axisymmetric and nonsymmetric
problems and processes their solutions. It writes all output results,

INT1 (called by INPUT) -

This subprogram computes nine different functionals. Integrations
over the shell meridian are performed by Simpson's rule. The functional
to be computed is determined by the value of the parameter INTGRD, which
is transmitted to INT1l through blank COMMON, according to the following
table.

INTGRD  FUNCTIONAL USE
'1-Lﬁ(ul) a(nC = 0)
F(l)(ul,ul) a(n, = 0), b, a, 8
3 00*-51 K*(nc = 0)
4 SERLT] K#*, ol°L1(ul)
5 00*-52 K*
6 P Cup,uy) 828 node
correct F(l)(ul,ul)
7 H[Lll(“él)*’” )]'Lll(”él)*'ul) 828 0de
8 cél)*-Lll(ﬁ,ul)+cl-Lll(ﬁ,uél)*) B
~q, W)+ u L i %, u) 1L (6,00
9 {o,-H[L,, (u,,u *)]}L, (u(l)*,u ) B
1 11°"1°"0 1170 1 mode
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The functionals shown above for INTGRD = 3, 5, 6, 7, 8, 9 depend on data
in the optional prebuckling data deck, and consequently are not computed
unless ISS4 (column 76 of the case option card) # O.

I1I2 (called by INPUT)

This subprogram is similar to INTl except that it computes two
functionals simultaneously each time it is entered. As with INT1, the
parameter INTGRD determines the functionals to be computed according to
the following table

INTGRD FUNCTIONALS USE
0 02-L2(u1) b
cl-Lll(ul,uz) b
+1 A &’amode’ B
u a
-1 8/% “mode
917111 (%) oLy (up)

PRIMARY OVERLAY 2

This overlay consists of thirteen contractor-supplied programs:
SRA202, RKS3, DER, CNT, MATS, MMM, MVM, MMA, VVA, MAE, SLOPE, SLOPEl, and
SLOPE3. The only function of this overlay to compute the axisymmetric
and nonsymmetric components of the second-order postbuckling state for
processing by PRIMARY OVERLAY 1, It accomplishes this task by solution
of the linear boundary-value problem for each of these components.

SRA202

This program sets up the initial conditions for the forward integration
to obtain complementary and particular solutions of the differential
equations for the axisymmetric problem (in the first pass through OVERLAY 2)
and the nonsymmetric problem (in the second pass through OVERLAY 2).

It also combines the complementary and particular solutions to form the
solution for each of these problems.
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RKS3 (called by SRA202)

This is a general purpose subroutine which integrates a system of
first-order ordinary differential equations of the form dy;/ds = fi(s,yi)
by the fourth—-order Runge-Kutta method. Each integration step is actually
performed in two half-steps, each using conventional Runge-Kutta, to obtain
midpoint values of the derivatives f.. These are used along with the deriva-
tives at the initial and end .points to form a Simpson's rule evaluation for
the full step. The magnitude of the difference between the Runge-Kutta inte-
gration over the.two half-steps and the Simpson's rule integration over the
full step is taken as an indication of the truncation error and is used as a
basis for modification of the step size, Automatic step modification is
controlled by values of the absolute (ATABL) and relative (RTABL) error
tolerances provided to the routine. Since RKS3 has no COMMON block,
all communication with it is through its calling sequence,

DER (called by RKS3)

Upon each call from RKS3, this subprogram computes the derivatives
fi(s,yi) for RKS3 using the values of s and yj provided by RKS3. This
subprogram is entered eight times for each full integration step.

CNT (called by RKS3)

This subprogram is entered at the end of each full integration step.
Upon each entry to CNT during the integration for complementary solutions,
it performs the following functions:

(1) checks the growth of x to determine if the subinterval is too
long,

(2) forces the integration to land on the specified input stations,
and stores the values of the complementary solutions at these points
in the arrays PRU, PRV, PRW, and PRZ,

(3) restarts the integration at each point of subdivision with new
initial conditions, and

(4) terminates the integration process at the end of the shell,
Functions (3) and (4) above are also performed upon each entry during
integration for the particular solution. Also, during particular solution
integration, CNT performs the following additional functions:

(1) forces the integration to land on the specified input statioms,

and stores the values of the particular solution in the arrays
PRG and PRJ,
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(2) performs at points of subdivision the matrix calculations re-
quired in the forward pass of the Gauyssian elimination technique
(Reference 14) used in the solution of the superposition constants
for the complementary salutions, and

(3) performs at the terminal edge of the shell the matrix calculations
required in the backward pass of the Gaussian elimination technique

and stores the superposition constants for each subinterval in the
CV and DV arrays.

MATS (called by CNT)

This is a general purpose subroutine which solves simultaneously
systems of linear algebraic equations (with a common coefficient matrix)
by the Crout method (Reference 20). It is used in this program solely to
invert 4x4 matrices by solving four systems of equations whose right-hand
sides form the identity matrix.

MMM (called by CNT)

This subprogram forms the product of two 4x4 matrices.
MVM (called by CNT)

This subprogram forms the product of a 4x4 matrix with a 4x1 matrix.
MMA (called by CNT)

This subprogram forms the sum of two 4x4 matrices.

VVA (called by CNT)
This subprogram forms the sum of two 4x1 matrices.

MAE (called by CNT)

This subprogram augments each 4x4 matrix to be inverted with the
identity matrix. It is entered immediately before each call to MATS.

SLOPE (called by DER)

This subprogram performs linear interpolation (with respect to s) on
the one~dimensional arrays representing the input geometry, foundation
moduli, stringer properties, and pressure gradient,

SLOPEl (called by DER)

This subprogram performs linear interpolation (with respect to s) on
the two-dimensional arrays representing the input wall properties.
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SLOPE3 (called by DER)

This subprogram performs quadratic interpolation (with respect to s)
on the one-dimensional arrays representing the stress resultants and
rotations of the prebuckling state at the critical load and the

buckling mode.

Variable
A(4,4)
AMAX
AMODE

ATABL

B(4,4)

BBP (34,4,4)
BBZ (4,4)
BBL(4,4)

BD (34,4,4)
BOM (4, 4)
BDZ (4, 4)
BMAX

BMODE
C(4,4)
CAP1S0(100)

CAP250(100)

Glossary of Major Fortran Variables

Definition
[e]
a

o
mode

absolute error tolerance for variable
step Runge-Kutta integration

[B] matrix for a ring ([B]—l = [e]T/r)
stored [B] matrices

[B] matrix at initial boundary

[B] matrix at final boundary

stored [D] matrices

[D] matrix at final boundary

[D] matrix at initial boundary

8

Bmode

[k]
(2)

(2)
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Subprogram(s)
where generated

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT



Variable
CARDL(5)

CARD2 (5)
CHI
cMl
COMENT(5)

CP

cQ
cs

CV (4, 34)

D(4,4)
DS

DSS

DV (4, 34)

DY1(8,9)

DY9(8)

EPS1S0(100)

Definition

input table data on next to last card
read

input table data on last card read
temporary value of ¥

temporary value of Ml

interpolated table data

temporary value of axial component
of stre s resultant (P)

tempore value of Q

tempora.y value of §

superposition constants for first four
complementary solutions (denoted by c,
. i
in Reference 14)

[D] matrix for a ring ([D] = -[k]l[el])

step size for next Runge-Kutta
integration step

step size for previous Runge-Kutta
integration step

superposition constants for last four
complementary solutions (denoted by d,
. i
in Reference 14)

current derivative values for
complementary and particular
solutions

current derivative values for
particular solution

)
01
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Subprogram(s)
where generated

INPUT

INPUT
INPUT
INPUT
INPUT

INPUT

INPUT
INPUT

CNT

INPUT

SRA202, CNT

CNT

CNT

DER

DER

INPUT



Variable
EPS250(100)
ETA

E1(5)
E12(5)
E2(5)

FIl, FI2
FLAM

FN

FNC
FNU1(5)
GLAM
GUIESS

IDONE

INTGRD

iop
IP

ISSW6

Definition

(2)
0°2
temporary value of n
current values of El for each layer
current values of E

12

current values of E2 for each layer

for each layer

functional values computed by I1I2

Ao

harmonic number (n) of second-order
postbuckling component being
calculated

n
C

current values of v

1 for each layer

flag to indicate when solution is
complete

flag to determine function of I1I2
and INTL

logical output unit number

logical input unit number

flag to override abort if a subinterval

exceeds length criterion
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Subprogram(s)

where

generated

INPUT
INPUT
DER
DER
DER
I112
INPUT

INPUT

INPUT
DER

INPUT
INPUT

MAIN,

INPUT

MAIN,
MAIN

INPUT

INPUT

MATS



Variable

1SS4

ITER

JENT (34)

KASE

LSTAL
LTAs (L

LTYPE

NDIS
NFM
NIC
NML

NOUT1 (100)

NOUTZ2 (100)

NPG
NSG
NST

NTLC

Definition

flag to indicate if additional
prebuckling deck is present (for 3
and K* calculations)

flag to indicate which pass is being
made through OVERLAY 1

table of entry numbers at boundaries
parameter to indicate whether inte-
gration is for complementary or
par-icular solitions

max. Mn entry umber

number of wall laycrs at eac entry
point

flag to indicate whether live or dead
loading

maximum boundary number

flag for foundation moduli table
flag for boundary conditions

flag for prebuckling data deck

table to. indicate type of boundary
condition

table to indicate need for artificial
rigid body constraint; also indicates
a symmetrical edge ring

flag for pressure gradient table

flag for geometry table

flag for stringer properties table

Subprogram(s)
where generated

INPUT

MAIN, SRA202

INPUT

SRA202

INPUT
INPUT

INPUT

INPUT
INPUT
INPUT
INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

flag for axisymmetric torsional buckling INPUT

mode
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Variable

NTERP

NTRY

NWP

P(4,4,34)

PP (4,4,34)

PPSTOR (4, 4)

PRG (4 ,100)

PRJ (4,100)

PRODC

PRS (100)

PSTOR (4,4)

PRU(4,4,100)

PRV (4,4 ,100)

Definition

parameter used in quadratic inter-
polation

parameter to control termination,
restart, or continuation of Runge-
Kutta integration

flag for wall properties table

4x4 matrices used in solution for
superposition corstants (denoted by
1 in Reference 14)

4x4 matrices used in solution for
superposition constants (denoted by
pi (in Reference 14)

temporary storage for PP-matrices

particular solution force vector
(denoted by Gi in Reference 14)

particular solution displacement vector
(denoted by Ji in Reference 14)

inner product of buckling mode

table of stored s—values [same as
TS (100)]

temporary storage for P-matrices
first submatrix of complementary
solution force vectors (denoted by
Ui in Reference 14)

second submatrix of complementary

solution force vectors (denoted by
Vi in Reference 14)
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Subprogram(s)
where generated

DER

SRA202, CNT

INPUT

CNT

CNT

CNT

CNT

CNT

INPUT

INPUT

CNT

CNT

CNT



Subprogram(s)

Variable Definition where generated
PRW(4,4,100) first submatrix of complementary CNT

solution displacement vectors (denoted
by W, in Reference 14)

PRZ (4,4 100) second submatrix ¢ f complementary CNT
csolution displacement vectors {(denoted
by Z; In Reference 14)

Q(4,34) 4x]1 metrices used in solution for CNT
superp y>sition constants (denoted by
Q in Reference 14)

QP (4,34) 43) w ices used in solution for CNT

super _ition constants (denoted by
1

q in Reference 14)
QPSTOR(4) temporary storage for QP-matrices CNT
QSTOR(4) tempo -ary storage for Q-matrices CNT
RTABL relat v. rror tolerance for variable INPUT

step .unge-Kutta integration

S current value of s SRA202, CNT, RKS3
SA first postbuckling coefficient (a) INPUT

SB b INPUT

SH(5) current values of h for each layer DER

SL(34,4) stored {L} matrices INPUT

SLM(4) {L} matrix at final boundary' INPUT

SLZ (4) {L} matrix at initial boundary INPUT

STIF K* INPUT

STIFN KO at A = Ao INPUT

STIFNO Ko* INPUT
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Variable
STIFO
SUM1

sV

SOE2

S1E1
TCAP1C(100)
TCAP2C (100)
TCHIC(100)
TCHIN(100)
TCHINO (100)
TCHISN(100)
TCHIS0(100)
TCHIO (100)
TCHI1(100)
TC1(100)
TDIS (34)
TEA(34)

TEAST (100)

TECCX (34)
TECCY (34)

TEIST (100)

Definition

dKO/dA at A = Aj

functional value computed by INT1

temporary value of circumferential
displacement (v)

*I
% "€

e
X<

(D

X(l)

x(o) at A
X(0)
2X(Z)
X(2)

1]
>

I
>

at A

BX(O)/BA at A = Ao
3240 /53%a¢ 2 = A

C

table of s-values at boundaries

ring stretching stiffnesses (EA)

total stringer stretching stiffness
(NEA)

ring axial eccentricities

ring radial eccentricities

total stringer bending stiffness (NEI)
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Subprogram(s)
where generated

INPUT

INT1

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT



Subprogram(s)

104

Variable Definition where generated
TEIX(34) in-plane ring bending stiffnesses (EIx) INPUT
TEIXY (34) coupling ring stiffnesses (EIxy) INPUT
TEIY(34) out-of-plane ring bending stiffnesses INPUT
(EIy)

TEPSSO (34) 0€¢(2) INPUT
TEPS1C(100) E](_l) INPUT
TEPS2C (100) e INPUT
TE1(100,5) El INPUT
TE12(100,5) E]_2 INPUT
TE2(100,5) E, INPUT
TG(100) shell wall shear stiffness (G) INPUT
TGJST (100) total stringer torsional stiffness (NGJ) INPUT
TGJIT (34) ring torsional stiffnesses (GJ) INPUT
TH(100,5) h INPUT
TK1(100) kl INPUT
TK2 (100) k2 INPUT
TK3(100) k3 INPUT
TLAMIJ (100) A, INPUT
(1,7 = 1,4) i

TMUIJ (100) M, . INPUT
(1,3 = 1,2) +J

TMYN (34) M}Eo) at A = )‘o INPUT
TMYO0(34) BM'}EO)/GA at A = )\o INPUT



Variable
TMIN (100)
T™™10(100)
TM2N (100)
TM20(100)
TNU1.(100,5)
TPHIC(34)

TPHISN(34)

TPHISO (34)
TPHI1(34)
TPSIC(100)
TPSIS (100)
TR (100)

TRP (100)
TRR2 (100)
TS (100)
TSA(34)
TSBAR(34)
TTHETC (100)
TTHETS (100)
TTPHIN (34)

TTPHIO (34)

Definition

(0) =
M7 at A=A

0) -
aMl /3x at A = Ao
at A = Ao

(0) -
aM, " /3% at A = A,

Y1

(1)
Ty

(2)
2T¢
(2)
OT¢
(0)
aT¢
b

w(z)

/39X at A = Ao

table of s-values

ring radii (a) -

s

Neh
Ned

Téo) at A = Ao

aTéo)/ax at A = A,

105

Subprogram(s)
where generated

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT



Variable

TT1C(100)
TTIN(100)
TT1NO (100)
TT1SN(100)
TT150(100)
TT10(100)
TT11(100)
TT12C(100)
TT12S (100)
TT2C(100)
TT2N(100)
TT2N0(100)
TT2SN(100)
TT250(100)
TT20(100)
TT21(100)
TWXC(34)
TWXS (34)
TWYC (34)
TWYS (34)
TX3X(100)

TX3Y (100)

Definition

1)
I

(0)
Iy

T(O)at A=A
1 c

(2)
271

@)
ol1

BTio)/BA at A = A
BZTio)/BAZ

at x = Ao

(1)
Tio

(2)
T12

(1)
I,

I
>

0) -
T2 at A

Téo) at A = A

(2)
)

(2)
0t2

BTéo)/ak at A = A
2210 /322
Keb)

X
L@

X
LD

y
L@

y

ap/ax

3p/dy

o

at A = Ao

o

at A = Ao
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Subprogram(s)
where generated

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT



Variable

TX30(100)
TZBAR (34)
TZBST (100)

WORK (486)

XI

Y (4,100)

2(4,100)

Definition

P

normal ring eccentricities (z)
normal stringer eccentricity (z)

working storage used by Runge-Kutta
integration subroutine

temporary value of axial displacement

(&)

solution for {y}
solutions for {z}; also used to store

(D, W @ @

> ’
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Subprogram(s)
where generated

INPUT

INPUT

INPUT

RKS3

INPUT

SRA202

INPUT
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COMMUN
COMMON
COMMON
CUMMON
COMMON
CUMMUN
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CUMMON
COMMUN
CUMMON
COMMON
COMMON
COMMON
COMMON
COMMUN
CUMMON
COMMUN
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OVERLAY(IVLY,1.0)
PROGRAM [NPUT

COMMON
COMMON
COMMON
COMMON
COMMQON
COMMQON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

- COMMQN

COMMON
COMMON
COMMON
COMMON
COMMON
COMMAN
COMMON
COMMON
COMMON
COMMON
COMMON

COMMON R

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
CAMMON

RAT, IDONE, 19P, 1P, 1 TER, 155486
ATABL
381(4,4),BBP(34,4,4),3372(4,4) '
BN(34,4.4),3DM(4,4),8D2(4,4),3.1,3.2,RL.L1,8LC2,RM2,8R?2
C12,CAP1,CAP12E,CAP2
CHI,CHIC,ZHIC2,CHIND,CM1, CP,CQ
CS.CSE
DE.1,DEN, 25,038
EAJEAST, ZIST,EIX2EIXY,EQY
EPS1,EPS12,EPS2,EPS25,ETA
FI1,Fl12:F<1,FK2,FK3
FLAMpFLAML1,FLAML2,FAML3,F _WAv1LA4
FLAM21 ,FLAM22,FLAM23,F _av2¢
FLAM3L FLAM32,FLAM33,F_AMY3¢
FLAMAL,FLAMA2, FLAMA3,F _Avéd
FMU11,FMUL12,FMU21,FMU22,FN, NS
GJST»GJT, 3LAM,GUESS
HH HHH, 4K, HKM]
1, IBKP, IDZR, IDERF4IERR, JFVD, 11,111, INTER, INTGRD
JrJELJENT(34),4)
Ko KASE)KENT,KENTL,KENT2,KIC2,€J) s KWLt KPATH,KS XSS
LLsLSML,LSTAB,LSTABL, [ TAB(100), FY2E
NOISsNDISL,NEQ,NFM,NIC,NJE, \LFLAGs NML
NTRY)NWP, NW2C,NTERP
PSIC.PSIT
' IP,RR2,RTABL
S»SAsSAVE,SRB,SFL, SL(SQ.‘).S.M‘4’:SLZ(4)oSN'SUpSUPl
SUMM,SV,SA
T1,T1C,T140,T1S0,72,T2C,T2N0,T12C
TCHIC(100), TCHIND(100)
TDIS(34),YEL1(100,5)sTELIULT22(100.45),TE2]J,TE2JK
TE12(100,3), TEAST(130)
TEIST(100), YGJsY(100)
TH(100,5) s, THETA, THETC,THETC2, THI J, THUK
Tkl¢100),TK2(100),TK3I(100)
TNUL(100,5), TNULTJ, TVJLIK
TPSIC(100), TRE109), TR TRP(100),TRPI,TRR2(1C O}



LLL

COMMON TRR2],TS(100)

COMMON TT1C(1230), TTINO(100)
COMMON TT2C(190), TY2ND (100}
COMMON TT12C(100)

COMMON TTABL(4),TTAB2(4),TTABI(4),TTAZ4(4)sTTHETC(100)
COMMON Tx30(100),Tx3X(100),TX3Y(10), TZ8ST(100)

COMMON WNRK(486),WXCsWYC

COMMON X1aX1S,X2,X3,X30,X3X,X3Y,XB,X31,X2@1XC3, X1

COMMDN Y(4,100)

COMMON Z(4,100),2BAR,ZBST,ZZERO

COMMON 70Vi/A(4,4),B(4,4)+4C(4,4),CAa301(5),CARD2(54,COMENT(5]),

1 D(4,4),ATIO0(5), TCHINCLIOU) , TCHIU(L00),TZIX(24), TEIXY(34),TEIY(34)

2 STGUT(34) , TMINCLO0) »TML0(100) o TM2N(107),TM20¢200),TMYN(34),

ITMYOD(34),TSBARC34), TTAINCLOO) ,TTL1u(100),TT2N(100),T7T720(100),

4 TCHI1(100), TPHI1¢34),TT11(100),7721¢(130)

i, TLAMI1(¢100),TLAMLZ2C(100),TLAMI3(102)TLAML4(100),
TLAM23(100), TLAM33(100)»TLAYI4(10)) e TMYUL1(100), TMUL2(100),
TLAM24(100),TLAMA4(1NnD),

TTLSN(100),TT2SNC100),TT125(100)+ TCHISN(100),TPSIS(100),
TTHETS(100), TR4ISN(34),TWXS(34),THYS(34)
+NOUTL(100),NOUT2(100),
TCHIS0(100),T71350¢(100).7T250¢(100),T24153(354),
TEAt34),TSA(34),TECCX(34),TECCY(34),
TPHIC(34),TWXC(34),TWYC(34)
1 FNXEFNYELFPHIZ,FYE, ISS4,PRODC,STIF,STIFN,STIFQ,STIFND,S1E1,S0E2
dUPHTILUX UY, KTA3,KTABL, KTAB2 ) KWL ) CAL2,N?GINRB,NSGaNST,NTJE:NTLC
sTTPHIN(34),TTPHI0(34),TZBAR(34)

DIMENSION NOUT(120),PRS(100)

DIMENSION TERSIC(100),TEPS2C100),TCAPIC(L10UD),TCAR2C(100)

DIMENSION EPS1S0(100),EPSZ250(400),5A21350¢(100),CAP2S0(100),

1 TEPSS0(34)

DIMENSION CcOM(12)

DIMENSION TC1(100),7TG(100)

EQUIVALENCE (TS,2RS), (WORK NOUT,TE?S1C),(AORK(101y,TEPS2C),
1(WORK(201),TCAPLIZ), (WORK(301),TCAP2C)

EQUJIVALENCE {WORK, EP51S0), (WORK(101),EPS250) 4 (WCRK

1 (204),CAP1S0) s (AORK(301),CAP250),(AIR<(401),TEPSSD)

FRQUIVALENCE (BBZ,COM)
FQUIVALENCE (TT130,TCL),(TT250,TH)

Vi o b e
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935 FORMAT(/// 63H SJRFACE LOADING, IF ANY, IS APPLIEp AT SHELL REFERE
ANCE SURFACE/634 aND, DURING RUCKLING, EYAINS FIXED IN MAGNITLDE &
2ND DIRECTION)

945 FORMAT(///S50H SUIFACE LOADING IS A3P_13D AT SHELL OUTER SURFACE/

1 63H AND, DURING BJUCKLING, REMAINS ~[..2D IN MAGNITUDE AND DIRECTIO
2N)

1062 FORMAT(12A6)

1003 FORMAT(1H1,1246)

1010 FORMAT(4X,612,3%X,11,27X,EL2,4,24X,11,1%,1..:1%,11)

1088 FORMAY (/// 774 DURING BUCKLING, S4ELL PIESSURE LQAD REMAINS LOCAL
1LY NORMAL TO SHE_L ELEMENT, 7/ 57H W]T+ YAGNITUDE DETERMINED BY TA
2BLE 5 (PRESSURE 3RADIENT))

1165 FORMAT(I1+1X,13,1X,11,1X,11,2X%X+13,5€E12,4)

2168 FORMAT(SH+*NON=)

2109 FORMAT(73H AXISYMMETRIC COMPONZENT 3F oo, uND=zUK“z? CONTRIALTION
1 TO RUCKLED STATZ)

2110 FORMAT(1HO,6X,1HS,12X,1HP,12X,1HA,10X,5H 4P S,9X,3HM 1,11X,2HXI,

1 10X,3HETA,11Xe14V,11X,3HCH]//7(1X, 9E13,4))

2130 FORMAT(////715%X01A4S17Xa1HUSL7Xa1HV, 17X, 140/ /)

2140 FORMAT(4E18,4)

2169 FORMAT(33HOUNSYMMETRICAL BUCKLING “QDE WITH, 13, 27H CIRCUMFERENT]
1AL WAVES, B =, 212,4)

2170 FORMAT(F6,0,16, 212,0)

2171 FORMAT(8E10,0)

2172 FORMAT(14H1BUCKLING MODE//10X,19HCRITISA.l HARMONIC =, 13/10Xs1SHER]

1TICAL LOAD s, E11,3 /77X 1HS,
212Xs 1HP 112X s 1HI, 10X, SHCAP S,9Xs3HM 1,11X2HX1,10X,3HETA,11Xs1kRV 11
3Xs3HCHY/ /)

2173 FORMAT(1x, FE13,4,8E13,3)

2174 FORMAT(40HOAXISYMUMETRIC BENDING BUSK_IVG MODE, A 3, E12,5)

2175 FORMAT( 26H CQIRECTED INNER PRODJCY =, E11,3,7¢7)

2176 FORMAT(24HOPREBUCKLING STIFFNESS =, E12,426X,24HRp0OSTBUCKLING STIF
1FNESS =2, 12,4)

2177 FORMAT(12H MAX A_PHA =, £E11,3./77)

2178 FORMAT(40H FOR BJUCKLING MODE IMPERTEZTION, ALPHA =, E11,3/27x,
16X,25HMAX NORMAL [9vPERFECTION =, =11.3,401 TIMES RMS VALUE OF ANG
2ULAR IMPERFECTION/ /)

2180 FORMAT(1H+,35X,64B5TA =, FE11,3)

2181 FORMAT(1H+*,63X,64BETA =, E11,3)



eLL

2182 FORMAT(1H+,91X,64B5TA =, E11,9)
2758 FORMAT(///743H A_L BOUNDARY DATA TaK=N FRI0M™ PREVIQUS CASE}
2780 FORMAT(///7/716H BIUNDARY NUMBER,13,10X,3H3 =, FE12.4)
2916 FORMAT(//43H B = I, D = 0, L VECTOR = 3 (P,Q,S,M1 = 0))
2819 FORMAT(//504 B = 1, D = 0, | VECTO0X = )} (P,Q,S5,Mi{ CONTINUOUS))
2344 FORMAT(//43H SYMMETRICAL RESPONSE aBJJT 3QUNDARY NUMBER,13)
2846 FORMAT(//47H ANTISYMMETRICAL RESPONSE ABJJUT BOUNDARY NUMBER.13)
2850 FORMAT(//10H RIN3 DATA,//
154 EA =, E12,4,5X,5HE]X =, E12,4,6X,5H31Y =, E12,4.
26X, 6HEIXY =p E12,4,6X,4HGY =, E12,4,5X:8HZBAR =, E12,4,//)
2351 FORMAT(1H+,68Xs74TPHIZ2 =, E12+4,5%,544Y) =, E12.4,5X,5HMY1 =,
1 £E12,4)
2352 FORMAT(74 SBAR =, FE12,4:,3X,BH TPHIO =, £12,4,3X,8H TPHIL s,
1F12,4)
2895 FORMAT(//39H BOUVDARY DATA TAKEN FI0v 2RZIVI0OUS CASE//)
2897 FORMAT(BH TPHIO =, E12.4,5X,7HTPHIL =, E12,4)
2910 FORMAT(4E12,4)
2920 FORMAT(////716H BIUNDARY NUMBER,]3,10X,3HS =, E12;4,//
1 21X, BHB MATRIX,40X,8HD MATRIX,//t B8z12,4))
2751 FORMAT(47H ARTIFICIAL CONSTRAINT NZEDED 3yT NOT SPECIFIED)
2980 FORMAT(////16H BIOUNDARY NUMBER»][3,10X,3H3 = , E12.4 //
1 12X428HTYHIS EDGE HAS A DOME ILOASJREZ )
3175 FORMAT(FL2,0,12)
3200 FORMAT (6(2X,E11,4))
3205 FORMAT (3(2X,2E11,4))
3206 FORMAT (£Z12,4)
3230 FORMAT(//761H THIS CASE USES TABLZ: 1 (SJRFACE GEQMETRY) FROM PREV
11QUS CASE)
3280 FORMAT(27HATABLE 1 (SURFACE GEOMETRY)///
1 osH s 3 R PRIME
2 R/R2,//( 4E18,4))
3310 FQRMAT(///760H TH]S CASE USES TABLE 2 (4A.L PROPERTIES) FROM PREVI]O

1US CaSE)

3360 FORMAT(26HLTABLE 2 (WALL PROPERTIES)Y,///
1 103H S El E?
2 Fl2 NUL H/7)

3370 FORMAT(1H , 6E13,4)
3390 FORMAT(19H » SEL18,4)



vil

$430 FORMAT(///62H THIS CASE USES TABLE 3 (' aTION MODULI) FROM PREV
110US CASE)
3460 FORMAT(///39H TA3ILE 3 (FOUNDATION ¥0DU.I) At.L ZERQES)
3480 FORMAT(28H1TABLE 3 (FOUNDATION MODJLI).///
1 67H S X1 K2
2 K3.//( 4E18,4))
3494 FORMAT (///762H T41S CASE USES TABLZ 5 (PIESSURE GRADIENT) FROM PRE
1vIOUS CASE)
3496 FORMAT (///39H TABLE 5 (PRESSURE GRADISNT, ALL ZEROES)
3497 FQORMAT (2BH1TABLZ 5 (PRESSURE GRADIENT),Z//9X,1HS, 17Xs3HX3X,
1 15X, 3Hx3Y.,//¢ 3E18,4))
35301 FORMAT(///749H INITIAL PERTURBAT]ON STATE SHELL DATA ALiL ZEROES)
$325 FORMAT (///44H INITIAL STATE DATA TAKEV “ROM PREVIOUS CASE)
3550 FORMAT(45HLINITIAL NONLINEAR STATE SHE_L DATA, LAMBDA =,E32,4,//)
$551 FORMAT(L1H ,9%X,1H5,17X,3HTL0,15X,3KWT20,15%, 9HCHI0,24X,3HX30,7//)
3352 FORMAT(1H®, 99X, 34M10,15X, $HM20)
3353 FORMAT(1wW+,90Xs 2E17,3)
3554 FORMAT(1H ,5E18,4)
3555 FORMAT( 38HLINITIAL PERTURBAT]ON STATE SHELL DATA,//)
3556 FORMAT(1H*,99Xs3+4M11,15X,3HM2Y)
3557 FORMAT(1H ,9X,1HS,17X,3HT11,15X,3HT21,15X,4HCHIL1,//)
3558 FORMAT(48HLINITIAL 2ND~ORDER PERTUIBATION! STATE SHELL DATA,///9X%
1,1HS, 17X, 3HT12,15X,3HT22,)15X,4HCHI2,//(4318,4))
3559 FORMAT(////24H PIESUCKLING STIFFNESS =, £312,4,7/742H RATE OF CHANG
1E OF STIFFNESS WITH LAMBDA =, E12,4)
3684 FORMAT(///64H THIS CASE USES TABLE 4 (3TJINGER PRQOPERTIES) FRCM PR
1EVIOUS CASE)
3687 FORMAT(///4LH TA3LE 4 (STRINGER PRIPERTIZS) ALL ZEROES)
35689 FORMAT(30H1TABLE 4 (STRINGER PROPEITIES),///
1 11X,1HS,18X, SHNEA, 15X, 3HNZ1,15X 3ANGJ, 14X,
2 4HIBAR//)
4000 FORMAT(1H1)
12172 FORMAT(3S5HQOTORSIINAL BUCKLING MODE (N=0), B =, E12,4)
12173 FORMAT(39HQANTISYMMETRIC BUCKLING Y0DE (Nz0), B =, E12,4)
12175 FORMAT(///16H0INNER PRODUCT =, E11,3,7/7)
12176 FORMAT(24HOPRESUCKLING STIFFNESS =, FE12,426%X,24HPOSTBUCKLING STIF
LFNESS =, E12,4)
IFCITER EQy 0)G)Y TO 1000
REWIND 1



Sit

1370
803
804
805

813

BUFFER IN (1,1)(A(1),TZBAR(34))

WRITEC([OP,4000)

IF¢FN,NE,D,JWRITZ(10P,2108)

WRITE(IOP,2109)?

WRITE (I0P,2110) (PRS(KS)»(YC]+KS), 121,40, ZC1,KS)sl=1,4),
1KS = 1,LSTAB)

WRITE(1OP,2130)

DO 1970 1=1,LSTA3

SUsTRR2(I)*Z(1,1)+TRP(1)*L(2,])
SWs=TRP(1)«Z(1,1)+TRR2(I)®Z(2, 1)
WRITE(IOP,2140)TS(Y),SU,ZC35,1),SH

1F(UNIT,1)803,8C4

IF(FN)B24.,805,824

PO 813 1=1,LSTAB

R=TR¢1)

RP=TRP (]}

RR23TYRR2(])

PSIC=TPSIC(])

THETCSTTHETC(])?

T1S0=RR2#Y(1,])+3PwyY(2,])
EPS2=2(2,1)/R+125*(PSICtPSICeTHETC#THETC!

CHIZZ(4,1)

CAPZ2=RP*CH]I/R

TT1S0(1)=T1S0
TT250(1)=TLAMLLCT ) *EPS2+TLAMLIZ2( ) #AP2eT AMLI(1)T1S0
1 +TLAM14(D)wY(4,])

TCHISO(I)=CHI

EPS2S0(1)=EPS2

CaP2S0(l)=CAP2
EPS1SO0(I)=wTLAMIIt])*EPS2~T AM23 (1) *2A22+TLAMIZ()+T1S0+TLAM3Y
1 (1)eY(4,])
CAPLSOC(I)=eTLAMI4 () wEPS2~T L AM24 ()9 ZA22¢TLAMIA(1yoT1SO+TLAMAY
1 (1)eY(4,])

CONTINUE

No 818 l=1,NDIS

JESJFNT(1)

NTJESNOUTL(JE)

IF(NTJF*\”JE‘: )018182-; 818



91l

820 UY=SZ(2,JE)=TECCX(1)*Z(4,JE)
WNXCETWXC(I)
WYCSTWYC(Y
TEPSSO(IISUY/TSA(I)+,25% (WXCoWXC+WYL*WY D)
TPHISO(I)=TEA(I)«TEPSSO(])
818 CONTINUE
1FC1SS4,50,0)G0 TO &40
INTGRD=S
CALL INT1
S0E22S5UM1*6,283135307
840 JF(FNC ,NE, 0,)G) TO 1008
S§0E2=2,*S0E2
DO 850 !=1,LSTAR
TTISN(]1) =0,
TTI25N(1)=0,
TT128(1)=0
TCHISN(I)=
TPSIS(I)=G,
8%0 TTHEYS(1)=0,
GO To 865
824 DO 830 1=1,LSTAH
RsTR¢])
RP=zTRP(1])
RR2=TRR2( )
BR2= RR2/R
DEN=FN/R
PSIC=TPSIC(])
THETCSTTHETC(])
HH=FN*BR2
HHHZEZ (3, 1)+FNvZ(2,1)
TTLSN(1)=RR2*Y(1, 1)+RP*Y(2,1])
ERPS2=(Z(2,1)+FNu2(3,1))/R », 25« (PSIC*PS| e THFTC*THETC)
CAPZ2=(RPw(2(4,1)=FN*DEN*Z (L1, 1)) +HHer4HI /R
TT2SNCI ) =TLAMIL( 1 ) wEPS2+TLAMI2( 1) #2422 T AMI3(1)*TTISN(])
1 +TLAMLA(]1)*Y(4,])
TPSIS(I)sHHA*BRZ-DIN*RP*Z(1,1)
TTHETS(])SRF*HHH/R+HH*Z (1, 1)
TINQ=TTINOCI)
T2NO=TT2N0C(])

Tt
0
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830

839

836
865

874

375
872

380

CHINDSTCHINOD(])
TT125(1)=(1,=TYUL2( ) *BR2Y*(Y(S, 1) =, 58 (TINU+T2NO)«TTHETS(]) .
1 =, 25%(TTIC(I)*TTZC(1))eTTHETC(I))~TUULLI] I« (DEN®(7(1,1)/R=2(4:1))
2 -(CHING*TPSIS(I)+,5%TPSIC(])*«TCHIZ(1))*332)+BR2
TCHISN(I)=7(4,1)

CONTINUE

DO 836 1=1,NDIS

JESJENT(D)

NTJE=NOUTL(JE)

JFINTUE*NT JE=1)636,839,836

UY=2¢2,JE)=TECCX(])*Z(4,JE)

UX2Lt1,JE)+TECTY ()24, JE)

UPHI=(TSACI)#Z (3, JSI+FN«(TECCX(])#Z (1, JE)*TECCY(19«Z(2,JE)))/
1 TROJE)
TPHISNCI)=TEA(I) « ((FN*UPH][«UY)/TSAC])= 23« (TWXC(IYy*TWXCCI)
1 «THYC(I)*TWYC(I)))

THXSCI)s=(FN*UY+JPHI)/TSACT)

TWYSCI)S FN+UX/TSA(])

CONTINUE

INTGRD=0

caLL Itl12

SB=(FI1+2,+F12)/3RIDC

1DONE=1

IF(FNC)B872,874,872

SB=2,#*SB

IF(NTLC,EG,1)GD TO 875

WRITE(ICP,12172)38

GO To 880

WRITE(]OP,12173)3B

GO To 880

1=FNC

WRITE(]D®P,2169)],S3

1F¢(1SS4,EG,0)IRET JRY

HH=S1E1+2.#50E2

HK=STIFNQ/(2,*3B«GLAMYGLAM)

STIF=STIFNG/ (1 +AH*HK)

WRITE(IOP,12175)STIFNC,STIH

RETURN



BLL

1ul8 FN=Z2,*FNC
FN2EFNeF N
1007 DO 1009 !=31.,NDIS
JESJENT(])
NJESNOUTL( JE)
NOUT(JE) =NJE
IF(NJE-4)1015,1000,1015
1015 NOUT1(JE)=-1ABS (NJE)
1009 CONTINUE
GO To 2759 .
1000 READ (IP,1010)NS3, VWP ,NFM,NST,NPG,NM,_, NIZuRTARL »1582,1584,
1 ISSwé
{1F(RTABL ,NE, 0.)GD TO 1006
RTABL=1.E-3
1006 ATABL=1,E-9
FN=0,
FN220,
IF(NSG)1095,110C,1095
1095 | STAB = 1 .
1100 IF(NWP) 1105,115)2,11605
1105 DO 1110 I = 1,100
1110 L TAB(I) = 1
1150 KTAB=6 '
1160 READ (IP,1165) KTAR2,NRBAaKIC.,¢w.k ~EN12s¢CARD2(1),]=21.5)
1F(KTAB2) 1210.,1210,1170
1170 IF(KTABZ2=-6) 1175,1207,1207
1175 GO 70 (1160,118%5,1190,12064,1195),KT4 7
1180 IFINSG) 1182,1205,1182
1182 NSG = 2
GO To 1205
1185 NWP = 2
GO To 1295
1190 NFM = 2
GO Tn 1205
1274 NSTs?
GO To 1205
1195 NPG=2
1205 KTAB = KTARZ
GO fo 1225



6Ll

1207
1210
1220
1225
1230
1335

1340
1345
1350
1355
1360
1361
1365
1370
1372

1374
1375

1377

1379
1380

$ulu

IF(KENT2) 1210,2730,121¢C

1F (KTAB=2) 123C,1220,1234

IF(KWL2) 1225,1230,1225

KWL = KWLZ2

GO Tn 1340

IF(KENT2 = KENT1 - 1) 1340,1340,1335
KENT = KENTZ = K3INT1

INTER = 2

GO-TO 1345

INTER = 1

GO To (1350+1355,1360+1355,1361),KTA3
NWPC = 4
GO To 1365
NWPC = 5
GO To 1365
NWPC = 3
G0 TO 1365
NWPC=2
IFCINTER = 2) 3050,1370,3060

DO 1375 I = 1.NAPC

1F (KTAB-1) 1374,1372,1374

RATIO(I) =(CARD2(]) = CARDI(III/FLIAT{(LCENT?

GO To 1375

RATIO(I) = (CARD2(I) =~ CARDI(I))/(TS(K=NT2) « TS(KENT1}))
CONTINUE

KM1 = KENT =~ %

DO 3050 J = 1,%M1

KJ = KENT1 + J

PO 1380 1 = 1,\NwW3C

1F (KTAB=1) 1379,1377,1379

COMENT(I) = CARDL(]l) + FLOAT (2)*RATIO!])

GO To 1380

COMENT (1) = CARDI(1) + (TS(KJ) « TS{<ENTL)I«RATIO¢])
CONTINUE

GO TO (3000,301C,3020,3L47,3030),KTA3

TS(KJ) = COMENT(1)

YR{KJ) = COMENT(2)

TRP(KJ) = COMENT(3)

TRR2(KJ) = COMENT(4)

GO Tp 3050

«



0cL

3010 TEL(KJ,KaL) = CO¥ENT(1)
TE2(KJ, KAL) = COMENT(2)
TE12(KJsKWL) = CIMENT(3)
TNUL(KJsXWL) = COMENT(4)
THIKJ,KWL) = COMENT(S)

3012 LTABC KJ) = MAXL (LTAB(KJ)sKWL)
GO To 3050

3020 TKL1(KJ) = COMENT(1)

TK2(KJ) = COMENT(2)
TK3(KkJ) = COMENT(3)
GO To 3050

3030 TX3X(KJ)=COMENT(1)
TX3Y(KJ)=COMENT(2)

GO To 3050

3047 TEAST(KJ)=COMENT(2)
TEIST(KJ)=COMENT(3)
TGJST(KJISCOMENT(4)
TZBST(KJ)=COMENT (5)

3050 CONTINUE

3060 DO 3065 1 = 1,NWPC

3065 COMENT(I) = CARD2(I)

GO TO (30709308C,3100,3127,3110),KTA3

3070 TS(KENT2) = COYENT(1)
TR(KENT2) = COMENT(2)
TRP(KENT2) = COMINT(3)
TRR2(KENT2) = COMENT(4)
IF(X1C2-3) 3076,3075,3076

3075 NOUTL(KENT2)==NDJT1(KENT2)
GO To 3077

3076 NOUTL(KENT2) = KIC2

3077 NGUT2(KENT2)=NRE
LSTAR = MAX0 (LSTA3,KENT2)
GO To 3130

5080 TEL(KENT2sKWL) = COMENT(1)
TE2(KENT2,KWL) = COMENT(2)
TE12(KENT2,KWL) = SOMENT(S)
TNUL(KENT2,KWL) = ZOMENT(4)
THCKENT2,KWL) = SOMENT(5)



4}

3u90

3100

$110

127

3130
35140

3150
2730

2738

2746

2750

3210
3192

3191

LTAB(KENTZ) = MAXD (LTAB(KENT2) KW )

GO To 313¢

TKL{KENT2) = COMINT(1)
TK2(KENT2) = COMINT(2)
TKI(KENT2) = COMINT(3)
GO To 3130

TXIX(KENT2)Y=COMENT (1)
TXIY(KENT2)SCOMENT(2)
GO Tn 3130
TEAST(KENT2)=COIMINT(2)
TEIST(KENT2)=CIMENT(3)
TGJST(KENT2)=CIMINT(4)
TZBST(KENT2)}=CIMINT(5)
IF (KTAB2-6) 31403,273u,2730
KTABY = «TaB2

KENT1 = KENT2

DO $450 I = 1,5
CARD1(I) = CaRD2(I)

GO 70 1160

TDISt1)Y) = T1S(1)

JENT(1) = 1§

K = i

LSTABL1 = LSTAB-1

DO 2750 1 = 1,L8TaA3y

1F (TS(L)Y = TS(]+1))273812746,2738
LTAB{I+1) = LTA3(])

GO To 2750

KzK+4

TDIStK)ISTS(I])

JENT(KY = 1 + 1
CONTENUE

NDIS=Kel

TDIS(NDIS) = TS(_STAR)
JENT(NDIS) =LSTA3
1F(NML)3192,1092,3192
READ (1P,3175) F_AM,LTYPE
NLFLAG=D

J=0

DO 3190 Is1.NDIS



zzl

3160
3170
$180
3182
3181
3184
$183
5185
3190

3198

3197
5193

26190

2520

JESJFNT(1?

K=NOUT1(UE)

1F (K*K ~1)3190,3160,3190

1IF (J) 3180,327C,3180

READ (IF,3200) (Z04(K),K=1,6)

NENLS

1F(NLFLAG)3184,3182,3181
YTPHIN(I)I=COM(J)

GO To 3183

TTPHIG(II=COM()

GO0 To 3183

TPHIt(IY=COM(J)
1F(J-6)3190,3185,3190

J=0

CONTINUE

1F(NLFLAG)2630,3198,3197

READ (1P,3205) (TTIN(I),TT2N(I),1=21,STA3)
READ (1P,3206) (TYCHIN(!)s1=1,LSTAB)
NLFLAG=1

60 To 3191

JF(NML~1)3194,3193,3194

NML=?2

READ (1P,3205) (TTL0CI),TT20( 1), 121,L3T0)
READ (1P,3206) (TCHIO0CI)s1=1,L57AB)
READ (1P,3206) (TX30(1),1231,LSTAB)
IF{ISS4,EQ,0)G0 10 3195

J=z0

DO 2620 !=1.NDIS

JESJENT(])

K=NOUT1(JE)

IF(KeK,NEL12GO TD 262¢C

1F(J,NE.DIGO T2 261C
REAUCIP,2171)(TTABL(K),TTAB2(K),K=¢,4)
JEJ*+1

TMYN(I)=TTABL1(J)

TMYD(])Y=TTAB2(J)

1F(J.ED.4)J=0

CONT INUE

REAU(CIP,2171)(TMINCI)Y ) TMIUC] ), TM2NCT),TM20¢1),121,LSTAR)



el

NLFLAG=~1
GO Tn 3191
2630 REAU(CIP,3205)(1T12C1),TT22(1),1=1, _8TA3)
READ(IP,3206)(TCHTL(I) 1=1,L5TAB)
READ(IP,3206)STIN,STIFO
GO To 3195
3194 NML =y
N0 3196 121,LSTA3
TT10¢1)=0,
YT20¢1)=0
TCHIG(T)
3196 TX30(I1)=
3195 SFL=0.
IF(LTYPE-1)930,95G,940
330 WRITE (]0OP,935)
60 Tp 1092
940 SFL=4,
LTYPE=D
WRITE (10P,945)
GO To 1092
950 WRITE (10P,1088)
1092 IF(NSG~-1)3220,3290,3270
3220 WRITE (I9P,3239)
GO To 3290
3270 WRITE (I10P,3280) (TSCI),TRC[),TRP(1),TR2(]),1=1,1:5TAB)
35290 1F (NWP-1) 3300,3410,3356 '
3300 WRITE (I9P,3310)
GO To J41p
3350 WRITE (InP,3360)
DO 3400 J = 1,L5TAB
WRITE (IOP,337J) TS(J)sTEL(J,1)aTE2(J,1)aTEL2(Js1),
1TNULI(J, 1) THJ 1)
IF(LTAB(J) = 1) 3400,3400,3380
3380 LL = LTAR())
WRITE (I12P,3390) (TEL(J,KIsTE2(J,K}»TEL2(JsK),TNUL(J,K)
1TH(J,K)»x=2,LL)
5400 CONTINUE
$410 IF(NFM - 1) 3420,3446,3470

'
:0.
0,
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3420 WRITE (10P,3430)
GO Tn 34950
5440 DO 8450 ! = 1,.STA3
TK1(1) 0,
TK2(1) 0,
35450 TK3{1) 0,
WRITE (10P,3460)
GO Tp 3490
3470 WRITE (]0P,3480) (TS(JI,TKL(U)2TKR2UJ)Y;TK3(J),J21,15TAB)
3490 1F(NST-1)3583,3685,3688
3483 WRITE (]0P,3684)
GO To 3690
35485 DO 3686 [=1.0.5TA2
TZ857(1)=0,
TEAST(])=GC,
TEIST(1)=0,
3686 TGJST(1)=0,
WRITE (I0P,3687)
GO To 3690
3688 WRITE (10P,3689)
DO 34691 1=1,LS57A3
3691 WRITE (IOP,3370) TS(1), TEASTCI) TEIST(I),
1 TGJST(I),T72BST(1)
3690 1F (NPG-1) 3491,3432,3493
3491 WRITE (10P,3494)
G0 To 3498
3492 DD 3495 1=21,15TA3
TXIX(1)=0,
3495 TX3IY(])=0,
WRITE (IaP,3496)
GO TH 3498
3493 WRITE (10P,3497) (TS(I),TX3XUI),TX3Y(1),1=1, STAB)
3498 JF(NML=~1)3499,3500,3540
3499 WRITE (I10P,3523)
GO Tn 3560
5500 WRITE (10P,3501)
GO To 3560
3540 WRITE(CIOP,3550)F _AM
1F(ISS4.£0,0)G) TO 3541
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WRITE(10P,»3552)
8541 WRITE([OP,3551)
N0 $543 [=1,LSTA3
1F(15S4,€Q0,0)G TD 3542
WRITEC]IOP,3553)TYLIN(]), TM2N(])
3542 WRITE(IOP,3554)TS(I),TTAINCI), TT2N(]) »TSAINC]), TX3g(])
5543 CONTINUE
WRITE(]0P,3555%)
1F¢1SS4.50,0)G3 TO 3544
WRITE(10P,3556)
3544 WRITF(]0P,3557)
DO 3546 131,LSTA3
1FC18S4,€0,0)G) TO 3545
WRITE(IOP,3553)T410¢1),TM20( )
3545 WRITE(IOP,3554)TS(1),TTL0(]),TT20¢1),TZHIO(])
3546 CONTINUE
IF(I1SS4,EQ,0)G0 TO 3560
WRITECIOP, 3558 (TS(I),TT41(),TT21(1),TC4121¢1),1=4,LSTAB)
WRITE(IOP,3559)STIFN,STIFO
3560 READ (IP,2170) FNC,NTLC,GUESS
3561 1=FNC
GLAMEGUESS+FLAY
WRITE (10P,2172) I,GLAM
DO 1093 I1=1.LSTA3
READ (1P,2171) C>,2Q,CS,CM1,X].ETA,SV, cHI
R=TR(])
RPsTRP(I)
RR2=TRR2( 1)
RR2= RR2/R
NO 1094 J=1.4
TTAB1(J)=0,
TTAB2(J)=0,
TTAB3(J)=0,
1094 CONTINUE
HK=0,
LL=LTAB(I)
o 1096 J=1.LL
TNULYJ=TNUL (T, )
TE11ysTEL(], D)
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1096

1097

TE21y=TE2( 14 J)
TRIJ=TH(T, )
DENZTHIJ
1IF(TEL1J NEO )

LDENSTHIJZ (L =TNULTJU*TNULTJ*TER2IJ/TZ11J)
TTAB4(1)=TELIJ*DEN
TTaB4(2)=TE21J*D:N
TTAB4(3)=TNUL] J«TTAB4(2)
TTAB4(4)=TEL12(1,J)*THI
HKM1zHK
HK=HK+THIJ
HASHK+HKM]

HHHSHK*HH*HKMI*H{M]

DO 1096 X=1.4
TTABL(K)=TTABL(K)+TTAB4(K)
TTAB2(K)=TTAB2(K)+TTAB4(K) *HH
TTABI(K)=TTABI(KI+TTARA(K) *HHH
CONTINUE

x8=0,

IF(TTARL1(3), NE, C,)

IXB=TTAR2(3Y/TTABL(3)

DO 1497 J=1,4
TTABL()=2,+TTAB1(J)
TTAB2(J)=2 *»TTAB2(J)-XR*«TTAR1(J)

TTAB3(J)=2,666565667*TTABS(J)=XBw(2,+#TTA3R{J)+XB*TTABL(J))

CONTINUE

DENS 1¢/(TR{1)*6,2835185307)
ZZERO=TZBST(1)=Xx3

HWH=DEN*TEAST(])

HHHSHH*ZZERC

TTAB1(1)=TTABL(1)++HH
TTAB2(1)=TTAB2(1)+-HH
TTAB3(1)=TTABI(1)+DEN#TEIST(I)+HHHeZZERD
TTABZ(4)=TTAB3I(4)+,25«DENWTEIST()
DEL1=TTARL(1)*TTARI(L)=TTAR2(1)eTTAB2(})
TC1(1)=TTARLI(L)

TG(])=TTAB1(4)

FLAM44=TTAR1 (1 /DELY
TLAMZ4(1)=TTAR2(1)/DELL
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TLAMI3(1)=s TTAS3(1)/DELL

FLAMP4=TTAR3(3) %~ AM44

TLAM23(I)= TTASII(3)+TLAM3G(])

TLAME3(I)= TTA31(3)aTLAM3S(])

FLAM{4=TTARL(3)wTLAM34(])

FLAM12=TTABZ2(2)-TTAB3(3)*FLAMLA4
FLAM{1=TTARL1(2)=-TTABL(3)*TLAMLS(])

TLAM14(I)sFLAMLG

TLAM{1(I)=FLAMLY

TLAML2(I)=FLAML2

TLAM24(1)=SFLAM24

TLAM44(I)sFL AM4E4

FMU22=TTAB1(4)+4 ,*(TTAB2(4)+TTABI(4)*B22)¢BR2
FMU22=1./FMU22

1FCI,EQ.1)CARD2(L)=FMU22

1F(I,EQ.LSTAB)CAID2(2)=FMU22
TMU12€(1)=2,*(TTA32(4)+2,.*TTARZ(4)*3R2)*F 1422
TMUL1(])=4,*(TTA31(4)«TTAB3(4)=TTA32(4)»TTAB2(4))éFMU22
YT1C(I)=SRR2*CP+R2*CQ

EPS2=(ETA+FNC¥*SV)/R

TEPS2C([)=EPSZ

DENSFNC*ETA*SV

HH=FNC/R

HHHEFNC#*3R?2

CAP2=(RP#(CHI=FNZ*~§H*X])+HHH*DEN)/]

TCAP2C(1)=CAP2
TEPSIC(I)==TLAMI () *EPS2~TL AM23( 1) *ZA22¢TLAM3I(13*TTIC(])+
1 TLAM34(1)2CM1

TCAPAC(1)SaFLAMLAnCpS2=FLAM24*CAPR2¢T _AM3I4(1)wTTIC(1)+F L AM44*CHN1
TT2CC])SFLAMLLI*E S2+F LAMLI2*CAF2«TLAMLI(I)#TTICCI)eFLAML4"CM]
TCHIC(I)=CHI

TPSIC(1)=DEN*BRZ-HH«RP*X]

TTHETC(])SRP*DEN/R+HHH®=X]

TCHINOCIISTCHIN(I ) +GUESS*TCHIO(])
TTINQ(I)=STTINCI)+GJUESS*TTI0(!)

TT2NOCE)=sTT2NCD) «GJUESS*TT20(1])
T1120¢1)=2C(1,=TMUL2( ) *#BR2) #(CS~,Sw (TTING([I+TT2NOCI))*TTHETC(]))
1 ~(TMULLC(]) *ER2)« (HHY(X]/R«CHI)=TZaINI(I)*TPSIC(])*BR2)
7(1,1)¥=X]
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1u93

2759
2756

2760
2765
2770
2772
2771

2790

28040
2310

23812
2314

2818
2330

2893

7(2:1)=ETA
7(3,1)=SV
Z2C(4,1)=CHI

WRITE (10P,2173) T3(1),CP,CQ,CS9CM1,Xi+ETAISV,CHI

CONTINUE

IF(NIC,NE,0)GO T2 2759
WRITE(IQP,2758)

GO Tp 1007

IFCITER ,EQ, NIWRITE(IOP,4000)
DO 2965 11=1,2

DQ 2965 1 = 1,NDIS

JE 3 JENT(I)

NJESNOUTL(JE)

IF (11-1)2900,275G,290¢C

IF(NJE = 4) 2765,2965,2965
1F(NJE = 2) 277G,2965,2770
IF(IFER)2772,2771.,2772
IF(NJE+1)2965,2824,2965

WRITE (I0P,2780) 1,TDIS(I)
IF(NJE ) 2890,2790,2830

DO 2800 J = 1,4

DO 2800 X = 1,4

D{Jak) = 0,
R(Jek) = 0,
Do 2810 J = 1,4
B(JPJ) = 1|

1F(I~1) 2812,2814,2812
IF(1=-NDIS) 2B18,2814,2818
WRITE (I0P,2816)

GO Tn 2945

WRITE (I0P,2819)

G0 Tp 2945

READ (1P.3206) EAEIX,EIY,EIXY,G4T,2343,5A
TEIY(L)=ElY

TGJT(IY=RdT

TZBAR(])={BAR

TSBAR(])=SA
TPHIO=TTRHIQ(])
TPHINSTTPHIN(])
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2332

2333
2398

2301
2331
2343

2345

2349

TMPETPHIL(])
TFA(NOUT2(JE)=B8125833,2832,2832
TPHIO=2,*TPHIC

TPHIN=2,¢TPHIN

TMP=2,# TP
IF(NJE)2899,2898,28¢%8
WRITE(IOP,2B5C)IEA,SIX,EIYEIXY,GJT,23A%
IF(ISS4,EQ,0)G0 10 2901
WRITE(IOPs2BSL)TYP, TMYN(L) . TMYU(])
WRITE(]OP,2B52)SA, TPHIN, TPH]D
KS=10
TF(NOUT2(JE)-812349,2843,2845%
IF(ITER,NE,C)GO TOQ 2845

WRITE (]0P,2844) ]

KS=1

.SM1=4

IFCNJE LT, 0)G0 TD 2849
EA‘gS'EA

EIX=,5+«E1X

EIXY=0,

R=TR(JE)

TEA(])=EA

TEIX(IY=FIX

TETXY(])Y=EIXY

RP = TRP(JE)

RR2 = TRR2(JE)

LL = LTAR(JE)

HK=0,

ZIERD=0,

Ci2 =0,

DO 2856 K # 1,00
TNULJK=TVUL(JE I K)
TE2JK=TE2( JE, K)

THJK=TH( JE,K)

DEN=1,

TELIJ=TELCJE,K)
TF(TELLJ,NE,D.)
1 DEN=1,=TNULJK*TNULUK*TE2UX/TELLY
SAVE=TNULJK*TEZJS<*THJK/DEN
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2356

2357

2358

HKM1 =HK

HK=HK+THJK

HHSHK+HKY1

£12=C12+SAVE
ZZERN=ZZERD*SAVE+«HY
CONTINUE

XB=0Q,

[F(C12, \NE, 0,)
1 XB=7ZER0O/C12

2ZEROQ = ZIBAR - X3
TECCX(1)=SA*RR2~ZZERO*NP
TECCY(1)=SA*RP +7ZZRD=*RR2
HHz==TECCX (1)

WK= TECCY(])

HHH = HK /7 R

SAsR+HK

TSA(1) = SA
IF(]1TER)2858,2857,2858
X[=4(1,JE)

ETA=Z(2,JE)

SV=Z(3,JE)

CHI=TCHIC(JUE)
UX=X1+HK+CKI
UYSETA+HHWwCH]
UPHI=(SA*SY+FNC*(HK*ETA-HH*X]))/R
TPHIC(I)ISEA*(UY+CNCwUPHI ) /SA
TWXC(])==({FNCeUY+{J24])/SA
TWYC{T)SFNC*UX/SA

C A-MATRIX

A(1,1)
A(1,2)
AC1,3)
A(1,4)

Too

Ko = o

A(2,1)
A(2:2)
AC2,3)
A(2,4)

mnn o
T O o

T a o
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Q

B(1,3) = FN » +H
A(3,1) = -B(1,3) / R
AL3,2) = FN + HH4
A(3,3) = 1, + AH4
A(3,4) = 0,
Ald4,1) = 0,
A(4,2) = 0,
A(4,3) = 0,
A(4,4) = 1,

3-MATRIX
B{1:1) = R
B(1,2) = 0,
B{1:3) = B(1,32/4(3,3)
B(1.,4) = 0,
B(2,1) = 0,
B(2,2) = R
B{2343) = =FN * H< /A(3,3)
B(2,4) = 0,
B(3,1) = 0,
B(3,2) = 0,
B(3.3) = R/A(3.3)
R(3.,4) = 0,
B(4,1) s«HK ~ R
R(4,2) =-HH » R
B(4,3) = 0,
B(4.4) = R

DEN = SA = Sj

SAVE= FN2 / DEV

HH = FN / SA

HK = SAVE « EIX

HMHS (GUESS*TTPHIJ(1)+TTPHIN(I))/SA
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C C-MATRIX

c

C{1,41 = ~SAVE « (Z1VY + GJT)
C(244) = =SAVE » EIXY
C(344)s~FN-EIXY/OEN

C(4,4) = (ELY + N2 » GJT) / SA

C(1:3) = =C(2,4) » KH
C(2432=(EA+HK) *H{+HHH*FN
C{323)=({EA+EIX/DIN) #HHYFNeHHH

C(1,2) = C(1,3) « FN
HHHSHHHYFN?
C(2:s2Y=(EA+HK*FN2)/SA+HHH

C(1a1)=(FN2*EIY+3JT)*SAVE/SAwHHH

C SYMMETRY FOLLOWS (C vATRIX)

2580

426

C(2,1)=C(1,2)
C(3¢12=C(1,3)
C(3:2)=C(2,3)
C{4,11=C(1,4)
Cl4,2)sC(2,4)
Cl4,3)=0(3,4)

DO 2889 J = 1,4
DO 2880 K = 1.4
DEJak) = Dy

N(JeK) = D(J,K) =
HH=TWXC(1)
HHHETWYC(])

DENZz EA *, 25/ 3A
FYEZwDEN* (HH¥HHA® JHN*HHH)
TF(FN)426)425,425
FPRIE=0,

FMXE=Q,

FNYEeQ,

GO To 427

FYESFYE
FPHIE=2,«FNC*FYE

FNXE=r S«TPHIC(])

COJaJdIra(u04K)
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427

2930

2938

2390

2392
2399

2394

2300
2305

2945

2350

FNYE=FNXE*HHH

FNXE=FNXE*HH

SL(I,1)S=FN*FNYE

SL([,2)= FN*FNXE- SA *FYE
SL(I,3)s FNXE~ Sa *FPHIE
SL(1,4)=0,

1F(KS)2930,2945,2930

DO 2938 J=1,4

B(Ks.J)=0|

B(LSM1,J)=0,

D(KS,J)=0,

D(LSML,J)=0,

D(KS,KS)=1,

D(LSM1,LSM1)=1,

G0 To 2945

WRITE (I0P,2895)
IF(NJE+112965,2892,2965
IF(NML)2893,2894,2393
IF(ISS4,NE,0)WRITE(IOP 2851 ) TMP, TMYNC(]), TUYO(])
WRITE(I0P,2B97)T2HIN,TPHIU
EA=TEA(T)

EIXSTEIX(])

EIY=TELIY(])

EIXY=TEIXY(I])

GJT=TGIT()Y

ZBAR=TZBAR(])

SASTSBAR(I)

GO To 2831

IFINJE - 2) 2965,29U5,2965
READ (1P.2913) ((B(J,K),K=1,4),J=1,4)
READ (1P,2910) ((D(J,K),K31,4),J=1,4)

WRITE (I0P,2920) I,TDIS(I),((BCJ.K),<=1,4)9(D(JsKy,K=1,4),

1 Jsi,4)

DO 2950 J = 1,4
IF(NJE«NJE NE: 1)
isL(t,Jdy = 0,

DO 2950 « = 1,4
BBP(1,4J,%<) = B{J,K)
BD(I,J,K) = DUJ,K)
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2965

2995

2999

2998
2996

CONTINUE

IFCITERVNE,UIGD TO 2969
TF(ISS4.NE,D)
LSTIFNO=STIFN+GJESS*STIFO
INTGRD=2

CALL INTHt

PRODC= Suvl
WRITE(I0P,1217%)2RIDC
IF(ISS4 ,EQ, 0)GD TO 2995
INTGRD=6

CALL INTH
PRODCSPRODC+GUESS#SuMy
SAVEs»SUMIw,5
WRITF(10P,2175)P0DC
PRODC=PROUC*GLAM

INTGRD=1

CALL I1l2

FI2=SQRT(F12)
AMAX=F12/PRODC

[F(ENC yNE, U, 7AMAX=AMAX*1,41472135542
IF{1SS4 ,EQ,y §)GI TO 2996
INTGRD=7

CAaLL INTH

SV=SuMt

JJ=0

INTGRD=8

CALL INTY

IFCFENC W NE, 0,.)SJUML1=SUML*1,4142135%2
BMAX=(SUMI+AMAX®* 3L AM*SAVE) G AM/PRIDZ
IF(JJ) NEs 0)GO TO 2998
WRITE(I0RP,2181BvAX

JJ=1
SAVE=SAVE+SY
GO To 2999

WRITE(IOP,2180)BYAX
ARITE(IOP,2177)AMAX
INTGRD=4
CALL INT1
INTGRD=~1
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CALL 1112
S1E1=SUM1-FI2
FX1=1,/S.'JRT(F'11)
IFCFNC JNE, U,)F13=F11%1,414213562
AMODE=F [1*S1E1/P30DC
1F(NOUT2(1) ,GE, 8)SUMLz2,+SUML
IF(NOUT2(LSTAR) ,GE, 8)SUM1=2,+SuM{
S1E1=SUM1%*3,14159C654
IF(1SS4 ,EQ, 0)G) TO 2997
SAVE=SAVE-SV
JJ=0

12999 INTGRD=9
CALL INTH
AMODE=FI1+(FI11*SJM1+AMODE~GLAM*SAVZ) #G A4/ PRODC
IF(JJ NE, 0)GY TO 12998
WRITE(10P,2182)B40DE

JJ=1
SAVE=SAVE+SY
GO To 12999

12998 WRITE(IOP,2181)B40DE
2997 WRITE(IOP,2178)AMODE,F !
GO 7o 2971
2969 N0 2968 1=1,NDIS
JESJENT(1)
2968 NOUT1(JE)Y=NOUT(UZ)
23971 REWIND 1
BUFFER OUT (1,1)(¢A(1),TZRBAR(34))

c
c SET UP B AND D MATRICES FOR DOME L)JGIC
C
IFINOUTIC(L)Y) (NE, 4)GO TO 2974
2372 11 = 1
I =1
SN = 1,
GO To 2978

2974 1F(NQUTLI(LSTAB) = 4) 2966,2976,2965
2976 1 = LSTA3

11 = NDIS

SN = -1,
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2378 1FCITERLEQ,GIWRITECIOR, 29801 ,TS(1Y
N0 2982 J=1.,4
Sttlt.d) = 0,

DO 2982 «x=1.4
BRBP(I1,JdsKY = 0,
BD(ItlsJax) = 0,

2982 CONTINUE
FLAMA4=TLAMA4(])
FLAM34=T AM3I4(I)
FLAM3I3I=TLAM33(])
FLAM24=TLAM24(1)
FLAM23=TL AM23( 1)
FLAM14=TLAMI4( D)
FLAMEI=T AML3(I)
FMUl2=TMUL12(1)
1F(],EQ.LSTAB)IGO TQ 2986
FMU22=CARD2(1)
GO To 2988

2986 FMU22=CARD?2(2)

2988 TRl = TR(I)
TRR21! = TRR2(1)
TRPL = TRP(1)
BR2=TRR2I/TR]

RBP(11,2,2) = SN*TRI«TRPI#F[ AM33
RBP(11,2,4) = SN«TRI=*F_AM34
BBP(II,3,3) = SN#«TRI*FMyU22
BBP(11,4,2) = SN«TRI«TRPI«F| AM34
BBP(1],4,4) = SMeTRI*F | AMA4A4
BD(l1,1,1) 1.

BD(Il1,2,2)
BD(l1,253)
BD(11,2:,4)
RD(11,3,2)
BD(I1,3,4)
BD¢11,4,2)

-FLAaM13~> FN2 #F{ AM23w3R2/2,°1,
~FN®(FLAMLZ + FLAM23% 332 )
~SNeF_AM2T«(1,~ FN2 /2,)
SNwIN#(1,=-FMUL12%8R2/2,)
FN»TMJ12/72,

~FLAM14~ FN2 #*F| aAM24#3R2/2,
BD(itsd,3) e FN®(FLAM14 + FLAMZ4 » B2 )
BD(I1,4,4) “SNe(1,+(1,~ FN2 /2,)+FLA424)
HHHSTTINQC(I)Y+TTZ2N0CT S .

IF(EN = 1,) 2990,2992,2992
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2990 BBPLII,1,1) =
BBP(F],3:3) =
BD(Ifs1s1) = ~SNaTR[*TK3(]) /7 2,
BD(I1,3+3)==SN*H4H/TR]/3,
1F (LTYPE)2991,29592,2991

2991 BD(I1+1,1)=6DC11,1,1)=TRI*GLAM*TX3X(]})/2,
RDUIT 1,2 zGLAMSTXIO(])

2992 IF(FNC-1,)1%1,132,133

131 CHIC=TTHETC(D)

GO To 123

132 CHIC=TCHIC(D)

128 HH=,25+TRICHIC=ZHIC
1FtENY130,16D,130

130 SLUI1,2)=HH*(1,-"LAM13 )
SL(IT1,3)=-2,vSNedHe (1, <FMU12%BRZ)
SLtIT,4)=-HH=FLAYLY
GO Tn 133

160 SLOIT,2)=HH*(1,+7LAM13 }
SL(J1,4)=HH*FLAMLY

133 IF(SN LGT, §,)50 T2 2974

2366 IFCITER,NE,0)GD TO 3904
1F(FNC.EQ,0,)S1E1=2,%5S1E]

IF(FNC .NE, 0, ,2R, NTLC .NE, 1)60 T2 3675
[F(NOUT2(1Y ,E3, 9 ,0R, NOUT2(LSTA3) .20, 7)G0 Y0 3695
INTGRD=1

CALL INT1

SA=1,5+#SUM1/PRODC

WRITE (10P,2174) SA

1F(ISS4,EQ,0)G2 TO 3696

INTGRD=3

CALL INTH

SUM)L=SUM1%6,283135307
STUF=STIFNG/ (L +STIFNU*SUML/ (SA*GLAM*G_AY))
WRITE(IOP,2176)STIFNO,STIF

$696 1DONE=1
RETURN

$595 111=p
IF(NDUT2(1Y . EQ.TIGD TO 29%6
IFINOUT2(1)Y,6T.736G) TO 2956

SN
SN
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2755

2956
2957

2958
2959

2953

d001

3092

S065

Joas
2964

2967
2370
2960
2961

2962
2363

3003

11131

JE=1

GJ 7o 2958

JESJENT(?2)
TF(NDUT2(JE)12957,2960,2957
111=2
IF(NOQUT2(JE)=5)2959,2953%,2959
BBP(IIls1,10=0,

BD (11l,101024,
IF(NOUT2(JE)=4)2353,2964,2953
BBP(111,3,32=0,

BD (111,3,3)=1,

IF(NQUT2¢JE) »5)2964,2960,2964
1F¢111)3002,29654,3002
JESJENT(IIT1)
IF(NQUT2(JE)=513005,3006,3005
BD (1I1,1,1)=0,
BBPC(I1T,1r1)=1,
IF(NQUT2(JE)~423006,2964,3006
BD (111,3.3)=¢C,
BBP{111,3,3)=1,

DO 2967 Jst.4

SLZ(J) = SpLt1,4d)

SLMEJ) = SLINDIS, D)

DD 2967 K = 1,4

BBZ{J«eK) = RBP(1,4,K)
BB1(JsK) = =BBP(NDIS:JeK)
BDZ(JsK) = BD(1, 4,%x)
BDM(JsK) = BD(NDIS,JuK)
RETURN
1F(LTYPEN2961,2943,2961
JSJENT(2) =1

DO 2962 1=1,J
IFCTRP(II*TX3IX(]1))2964,2962,2964
COMTINUE

IF(NOUT2(1),GT+7)GD TO 2964
IFCIABS(NOUT1(1))-2)3003,2964,3003
JEJENT(2)
IF(IABS(NOUT1(J))=2)3004,2964,3004
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Jou4 WRITE (10P,2951)

CALL EXIT
GO To 2970
END

SUBROUTINE INTI

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMDN
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

RAT,IDONE, 0P, IP,1TER, 13546

ATARY

381(4,4),B8P(34,4,4),932(4,4)
BD(34,4,4),3DM(4,4),3D2¢4,4),31,3L2,BLCL,gLC2,AM2,RR?2

C12,CAP1,CAP12E,CAP2
CHI,.CHIC,2HIC2,CHIND,CM1, cP,CO
CS.CSE

DE_1,DEN. 7S,D5S

EA EAST,ZIST,EIXsEIXY,ELY
EPS1,EPS12,2PS2,EPS2S,ETA

FI1,F124F<1,FK2,FKJ

FLAM,FLAMLL,FLAML2,FLAMLI3,F _4av14
FLAM21,FLAM22,FLAM23,F _AM24
FLAMIL,FLAM32,FLAM33,F _av34
FLAM41,FLAMA2,FLAMS3,F _aM4d

FMULY,FMUL2,FMU2L,FMU22sFN,NT

GJSTs»GJT,3LAM,GUESS

HH s HHH, K, HAM1

1,18KP, IDSR, IDERF, IERR, IFVD, 11,111, INTER, INTGRD

JaJELJENT(34),JJ

KyKASE»KENT,KENTL1,KENT2,K1C2,<J,X41LsKPATH,KSs»KSS

LLoLSMIL3TAR,LSTARL,LTAB(L30), TY?2E

NDIS NDISL,NEQ,NFMNJC,NJE,NLFLAG, VML

NTRYsNw2, NW2CH)NTERP

PSIf.PSIT

Ra P,RR2,RTARL

S»SA»SAVE,S3,SF L, SLE34,4),5.M04),SLZ¢4),SN,SU,Survl

SUMMsSVSA

T1oT1C,sTAND, T1SU,T2,T2CsTONI,T12C



orl

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

TCHIC(1U0), TZHINO(LD3g)
TOIS(34),TEL(100,5)sTELLJ»TZ2(130452,TE2LJ,TE2JK
TEL12(100,5), TEAST(13Q)

TEIST(100), TGJST(100)

TH(100,5) s THETA, THETC,THETC?2, TH1Js THJK
TK1(100),TK2(100),TK3¢100)
TNULCL0U,5), TNULTJ, TNULJK

TPSIC(100), TR(109), T, TRP(100),TRP],TRR2(100)
TRR2I,7S(100)

TT1C(130), TTLNO(100)

TT2C(100), TT2N0(100)

TT12C(100)

TTABL(4),TTAB2(4),TTABI(4),TTAB4(4) 2 TTHETC(100)
TX30(109),TXIX(100),TX3Y(100), TZgsST(100)
WORK(486),dAXC,WYC
X1¢X1S,X2,X3,X30,X3X,X3Y,XB,XC1,X>2sXC3, X1}
Y(4,100)
2(4,100),2BAR,ZBST,ZZERD
/0Vi/A(4,4),B8(4,4).C(4,4),CaRDL(5),CARD2(5),COMENT(5),

1 D(4,4),RATIO(5), TCHIN(L0O0), TCHIO(L00),TZ0IX(34),TEIXY(34),TETY(34)
2 +TGYT(34),TMIN(L00),TM10€100),TM2N(100)2TM20¢1009,TMYN(34),
3TMY0(34),TSBAR(34), TTIN(LIUO0),TYT10¢100),TT2N(100),7720(100),

4 TCHI1(100),TPHIL(34),TTL2(100),7T21¢(100)

1,

T T e o

TLAM11(100),TLAM12¢100),TLAML3(100)»TLAM14¢100),
TLAM23(100), TLAM33(100)TLAM34C100) 2+ TMULL(100),TMUL2(100),
TLAM24(100),TLAM44(100),

TTLSNC100), TT2SN(100),TT125(100)» TCHISNL100),TPSIS(100),

TTHETS(100), TP4ISN(34),TWXS(34),TWYS(34)
SNOUT1(100),NIUT2(100),
TCHISG(100),TT4S0(100),TT250¢(100),T2HISI(S4),
TEA(34),TSA(34),TECCX(34),TECCY(34),
TPHIC(34),TWXC(34),TWYC(34)

s FNXE,
s UPHI,
sTTPHIN(34) ,TTP-HI0(34),TLBAR(S4)

FNYE»FPHIZ,FYE, 1SS4,PRODC,STIF,STIFN,STIF0,STIFND,S1EL,SQE2
UXsUY, KTA3, KTABL,KTAB2 KWL ) <WL2)N?GINRB+NSGsNST,NTUEINTLC

DIMENSION NOUT(120),PRS(100)
DIMENSION TEPS1C(100),TEPS2C(100),TCARPLC(L00),TCAP2C(100),TEPSSH(

1 34)

DIMENSION TC1(100),TG(100)



vl

10
20

S0

40
50

69

61

63

EQUIVALENCE (TS,32RS), (AORKsNOUT,TEIS1C),(WORK(101%,TEPS2C),
L(WORK(201),TCARPLIZ), (WORK(SN1)Y,TCAP2C)

FQUIVALENCE (WORX(401),TEPSSO)

EQUIVALENCE (TT130,TC1),(TT7250,7G)

NSUBI=NDISe1

SyUM1=0,

DO 230 N=1,NSU3I

1L0O= JENT(N)

TUP=JENT({N+1)

IF(N«NSUBIY10,2C(,10

[UP=st1uUP-1

NS=TSCILO+1)-TS5(ILY)

NNNNsTUP-ILO

TFCNNNN=-NNNN/2*2)40, 30,40

NFLAG=]

GO Tn 50

NFLAG=1

0DD1=0,

FVEl1=0,

K=1L0

IFLAG=1

R=TR(K)

CHIC=TCHIC(K)

PSIC=TPSIC(K)

THETC=TTHETC(K)

THETC2=THETC#THETC

GO TO (61.,62:63,54,63,065:066,66,66),1NT3R)D
DPDSY=R*TTIC(K)*-HIC*CHIC

GO To 69

DPDS1= “Rw (2 ,*TCHJO(K)*(231C*TT14C(K)+CWIC*TTIC(K) )+
1 TTI0(K)*(CHICH*CHIT+THETC2)+TT20(K)*(PS]C#PSIC+THETC2))

GO Tn 68

DPDS1s "R* (2,¢TCHILIK)*(PSIC#TTL2C(R)+CHIC*TTIC(K) )+
1 TTL4(K)*{CHIC*CHIC+TRETC2)+TT2L(K)Y* (PS]Z#PSIC«THETC2))

GO Tn 69

HASTMIN(K) +GUESS«TH10(K)

HK=TM2N(K)+GUESS+TY20 (K

DPDS1=R* (TTANO(K)*TEPSICIK)+TTZ2N0 () v TZP32C(K)+HHeTCAPIC(K)*HK*
1 TCAP2C(«))

GO Tn 69



4741

66

67

/1

64
68

NPDS1=<(TTINQ(<I«(ZHIC™ C”Iu*’HtT"2)+TT?\J(‘)'(DSIcfPSIC*THElﬁc)"R
1F(LTYPE,EQ, 050 T3 69

X[=2(1,K)

ETA=7(2,%)

X30=TX30(K)

X1zX30+CHIC

X2=X30=PSIC

EPS1=TEPS1C(K)=TZHING(K)*CHIC

X3=X30# (EPS1+TEPS22(K) )+ X[ #TXIX(K) +ETA#TXIY(K)
RR2=TRR2(K)

RP=TRP(K)

FK15RR2*X1=RP#X3

FK2SRP*X1+RR2#X3

FK3= R+ (FKI®XI2FK2*ETAX2%Z(5,K))
IFCINTGRDEQ,4)F<3=FKI*GLAM

DPDS1=NPDS1+FK3

60 To 69

CHISTCHID(K)+GJESSHTCHIL(K)

1FCINTGRD ,GE, 8)G) T0 67
DPDS1=(TCL(KINCHICACHIC+TG(K)«PSIC#PSIZ)*CHI#CH]w»R
GO To 69

CHIND=TCHINO(K)

YIC=TT1C(K)

T12C=TT12C(K)

IFCINTGRD ,GT, 8)GD TO 72
T1=TT10(K)+GUESS*TT11(K)
T2=TT20(K)eGUESS+*TT21(K)

TINO=TTIND(K)

T2NC=TT2ND (KD

CH1Z2zCHINO«CH]

1F(Jy ,EQ, 0XCHL2=0,

HH=0,

HK=0,

IF(LTYPE ,EQ, 0)30 TO 71

HHSTX30 () ) *(TRR2(K)I*Z(1,%X)+TR™IK)#72(2,4})
HK=TX30(K)2Z{4sK)
DPDS1=(((T1+TCI(LI*CHI2)*CHIC¢TLC* Il -AH) e (TING*CHIC+T1C*CHIND -

1 GLAM*HR)*((T2+T5(<)*CHIZ2)*PS|C+TL2C*CHA]=AX)#(T2Ng*PSIC+T12C»CHIND
2 ~GLAM®HKC) +(T1+T2)«(TAINO*T2ND)*THETL?) #R



34

67
7
8y
90
100
110

120
130

140
150

160

170
130
1910

200

210
22n
230

GO TO 69
1FCJdU ,EQ, DICHING=D,

PPDS1=((TLC-TCL()*CHING*CHICI*CHIZ+(T122~TG(K)*CHINO*PSICI*PSIC)

1 *CHI+*R

GO T0(70,12C0,190,210),]FLAG
PSUM1=DPOSt

IFLAGS?2

1F(NFLAG)B0O,90,810
TEND=NNNA=-2

GO To 100

1END=NNNN-1

1=1

KsILO+]

GO 10 60
IF(]=-1/2%2%140.130,140
FVEl=EVE1+NPDS1

GO TO 150

0DD1=0DD1+DPDSL

1s]+q
1FC1-TENDY110,210,160
PSUM1=PSUML+4,+*0D)D1+2.*EVEL
1FLAG=3
1F(NFLAGY180,17C,180
KslUP

GO T0 60

KzIUP=1

o To 60
PSUM1=DS/3,*(PSU41+DPDS1)
IF(NFLAGY200,220,200
TERM1=DPDS1

K=I1Up

1FLAG=4

GO Tn 60
PSUM{=2PSUM1+DS*, 5+« (TERM1*UPDS1)
SUML=SIML+PSUML

CONTINUE

IFCINTGRO LEQ, 1 IR, INTGRD .EQ,

PSUM1=0.
DO 400 I=1,NDIS

7

RN

INTGRD

1EQe

9)RETURN



144

317

318

520

321
400

340

350

352

JESJENT(])

K=sNOUT1(JUE)

IF(KeK ,NE,$)GO T2 400

IFCINTGRD,NE,6 ,4ND, INTGRD,NE,2)G) 70 317
IFCINTGRD+EQ,6)HASTPHI ()
IF(INTGRD,EQ,2)H4=TTPKIOL])

GO To 318

HH=TTPHIN(]) *GUESS«TTPHIO(I)

IFCINTGRD ,EQ, B)HHzwHHe{TTPHIO(I)eGJESS*TPHIL(I))
IFCINTGRD ,EQ, 8 ,AND, NOUT2(JE) ,3E, B8)4H=2,*HH
IFCINTGRD ,EQ, 3 ,0R, INTGRD ,kG, 5)30 T3 320
PSUMEZPSUMIaTSA(T ) *HH*(TWXC()*w2eTWYC(])e*2)
GO To 400

WK=TMYNC1) «GUESS*TMYC (1)

IFCINTGRD(NE,3)GD TO 321

CHIC=TCHIC(JE)

HHHE2(2, JEY=TECCX(])*CHIC
SUM1aSUML+HHwHHH=HX*CHIC

GO TO 400
SUM1=SUML+TSA(I)*#HH«TEPSSO(])~HK*TSHISO(JE)
CONTINUE

IF¢INTGRD ,EQ, 4 ,JR, INTGRD ,EQ, % ,03, INTGRD,Ep,2)

1SUML1=sSUML+PSUML

IF(NOUTL(1)NE4)GD TQ 340

K=1

8N=1,

GO0 T0 350

IF(NQUTL(LSTAB) . NE,42G0 TO 360

Kz|.ST AB

SNany,

R=TR(K)

JIFCINTGRD ,NE, 6 ,AND. INTGRD,NE,2)2) TD 352
1FCINTGRDEQ,6)HA=TT11(K)
IF(INTGRDVEQ,2)H4=TT1G(K)

G0 Tp 353

HH=TTIND (K)

IF(INTGRD ,EQ, B8)HH=wHHe{TT{0(K)+GJESS*TTL1(K))
IFCINTGRD ,EQ, 3 3R, INTGRD ,EQ, 3)30 TJ 855



1741

353

355

354
360

365

CHIC=TCHIC(K)

THETC=TTHETC(K)

WK=THETC«THETC

1FCINTGRD ,EQ, B8)H<=2,*HK

IF(FNC ,EQ, 1,)H<=HK*CHIC¥CHIC

SUM1=SUML1-R*R*-AH*HL

IF(LTYPE,EQ,0)G0 T2 354

IFCINTGRDINE,2 +AND, INTGRD(NE.4 ,AND, INTGRD,NE,g8)GO TO 354
1F(FNC=1,)356,357,354

IFCINTGRD,EQ@,8)G) TO 354
FRKI=-SN*R*Z7(1,<) ¢ (TXI0C(KI*L(2,K)+, 523 TXIXKI*Z(1,K))
IF(INTGRD,EQ,4)F (3=FK3I*GLAM

GO To 358

IF(INTGRD,EQ,8)62 TO 359
FK3=SN#R#RaTX30(<I*Z(2,K)*Z(4,K)

1F(INTGRD,EQ,4)F <3=FKI*GLAM

SUM1=SUML1+FK3

GO To 354

FKI=TXI0(KINZ(2,4)

HK=TTIND(K)

HH= =HH/HK

SUML1=SUMI+R*R*FK3I* (GLAMYFK3«SN*Z(4,K)#(H{+GLAMYHH}))
GO Tn 354

SUM1sSUML+R*( HHeZ(2,)K)#SN* (TUHLN( () ¢GUESS*TM10(K))I*2{4sk))
IFCINTGRD ,EQ, 3)GI TO 354

HHs» 6 25*HH

GD To 353

1F(SN,GT,0,)G0 T2 34¢

IFCINTGRD ,EQ. 6 ,DOR, INTGRD ,EJ, 4 ,0%, INTGRD,EQ.2)RETURN
IFCINTGRD ,NE, 8)GD TO 365
SUM1=z(FI1*SUMLI+UHI*PSUM1)/F12

RETURN

IF(NDUT2(1) ,GE, 8)SUM1=2,#SUM1
IF(NOUT2(LSTAB?,3F,8)5UM1=2, »5UM1

RETURN

END

SUBROUTINE 1112



vl

COMMON RAT,IDONE, 3P, P, ITER, 15840

COMMOQON ATARL

COMMON 3B81(4,4),8BP(34,4,4),832(4,4)

COMMON BD(34,4,4),3DM(4,4),8D2(4,4),30L1,3.2,BLC1,BLC2,RM2,BR2
COMMQON C12,CAP1,CAP12E,CAP2

COMMON CHI,CHIC,ZHIC2,CHINO,CM1, CP.CQ
COMMON CS,CSE

COMMON DEL1,DEN, 3S,03S

COMMON EA,EAST, SIST,ETX+EIXY,EqY

COMMON EPS1,EPS512,EPS2/,EPS2S,ETA
COMMON FI1,F12+,F<1,FK2,FKS3
COMMON FLAMaFLAMIL,FLAMLI2,FLAML3,F _AM14

COMMON FLAM21,FLAM22,FLAMZ23,F _aM24
COMMON FLAM31,FLAM32, FLAMS3,F _Av34
COMMON FLAMA1,FLAMA2,FLAM43,F Av4d

COMMON FMULL1,FMU12,FMU21,FMU22,FN,TNC

COMMON GJST,GJT,3LAM,GUESS

COMMON HH,y HHH, HK, HKM1

COMHON InIBKPJIDER;lDERFO!ERRolFVDolIaIlI;INTER!INTGRD
COMMON J,JE+JENT(34),JJ

COMMON K.KASE,KENT,KENT1,KENT2,KI1G2,<J K11+ KPATH.KS,KSS
COMMON LL,LSM1,LSTAB,LSTABL,LTAB(100), FY2E

COMMON NDJ]SeNDIS1,NEQ,NFMy;NJC,NJE,NLELAGs NML,

COMMON NTRY,NWP,NWPC,NTERP

COMMON PSIC,PSIT

COMMON R, IP,RR2,RTAB|,

COMMON S,SA»SAVE,SB3,SF. SL(34,4),S_M(4),SL2¢4),SN,SU,5Ur1
COMMON SUMM,SV.Sd

COMMON T1,T1C,T1NQ,T1S0,72,72C,T2NO,TL2C

COMMON TCHIC(100), TCHINO(109)
COMMON TDIS(34),TE1(100,5),TEL]IJ,T22(100.57,TE2]), TE2UK
COMMON TE12(100,5), TEAST(190)

COMMON TEIST(100), TGJST(100)

COMMON TH(100,5),THETA,THETC, THETC2, THIJ, THUK
COMMON TK1(10C),TK2(100),TK3¢100)

COMMON TNULCL06,5), TNULTJ, TVULUK

COMMON TPS1C(100), TR(103),TRI+TRP(100},TRPI,TRR2(100)
COMMON TRR21,TS(100)

COMMON TT1C(1930), TTINO(100)

COMMON TT2C(120), TT2N0O(100)



Lyl

1u
2y

COMMON
COMMON
COMMON
COMMON
COMMON
COMMQN
COMMON
COMMON
1 D(4,4)
2 »TGITH

TT12C(190)
TTABL(4),TTAB2(4),TTAR3(4),TTABA(4)sTTHETC(100)
Tx30(100),TX3IX(108),TX3IY(102), TZgST(180)

WORK(486),WXCaWYC
X1oX18,X2,X3,X30,XSX, X3Y, XB, X281+ XZ22XC3, X1

Y(4,100)

2(4,1007,7BAR,»Z3S8T,7ZFRD
/OV1/A(4,4),B(4+4),C(4,4),CAR01(5),CARD2(5%,COMENT(5),

¢ ATIO(S)Y, TCHINCIOO) , TCHIO(100), T2IX(34), TEIXY(34),TELY(34)
34),TMINCL00)sTM10€100),TM2N(103)TM20(100),TMYN(34),

3TMY0(34),TSBAR(34),TTINCLIUU),TTL0¢(100),TT2N(100),7720¢100),

4 TCHI1(
1,

TPHIC(
s FNXE,
»UPHI,
» TTPHI
DIMENSI

N N A i i S

100),TPAI1(34),TT11(100),7721(130)
TLAM11(100),TLAMI2(100),TLAYML3CL10))» TLAMI4(100),
TLAM23(100), TLAM3S(L00)Y, TLAM34(L0)) TMULL(100),TMUL2C1CU),
TLAM24(120),TLAMA44(100),

TTLSV(100), TT25NCL00),TTL25(10))»TCHISN(100),TPS15¢100),

TTHETS(100), TPHISN(34),TWXS(34),TWYS(34)
+NOUTL(100),NOUT2(100),
TCHISO(100),T7130(100),T7250¢100),T2H]ISI(34),
TEA(34),TSA(34),TECCX(34),TECCY(34),

34), TWXC(34),TWYCLS4)

FNYE,FPHIZ,FYE, IS54,PRODC,STIF,STIFN,STIF0,STIFNG,S1EL, SOE2
UX»UYsKTA3,KTABL, KTAB2, KWLy <WL24N>G+NRB,NSGsNST,NTJEINTLG
NC34),TTP410(34), TZBAR(34)

ON NOUT(100),PRS(100)

EQUIVALENCE (WOR<,NQUT), (T5,PRS)
SW SFLOATI(LTYPZ) #GLAM
NSUHI=NDIS~1

Fli=g,
Fl2=0,
PO 230

N=1,NSU3]

[LOSJENT(N)

1UP= JENT(N«1)

1F (N-NSU31)10,20,10
1UP=TUP-1

ns=Ts(1

LO+1)=TS(ILD)

NNNN=1yYP=1L0
TFENNNN-NNNN/Z2*2)4D,30,40

NFLAG=D0

GO Tn 50



4y NFLAG=1
Su opD1=0,
DDDZ=0|
FVE1=0,
EVE2=0'
KsILo
1FLAGSt
C 3EGINNING OF DERIVATIVE EVALUAT]ON
60 HK=sTCHIC(K)
THFTC=TTHETC(K)
PSIC=TPSIC(K)
R=TR(K)
HHsHK*HK
HHH=THETC*THETC
T12C=TT12C(K)
CHIND=TCHIND (K)
TIC=YT1C(K)
IFCINTGRD)66,61,55
61 DPDS12(TTISO(KI * (HHeHHH)+ , 5 TTLISN( () *{ AH=HHH) +(TTESO(K)m ,5*TT2SN(K
1 ))*(PSIC*PSICHHAH)+TT12S(K)*HK*PSIC) ¢}
HH=T4C
HHHETT2C(K)
DENETCHISO(K)
DEL1=TCHISN(K)
PS1S=TPSIS(K)
NPDSo=(HH*HK* (DEN+ ,5*DEL1 )+, 54 ((HHeHAH) * THETCHTTHETS(K) +
1 HHH#PSIC*PSIS)+TT12C(K)*(,5+«(HK*P315=->SIC*DELL1)+pSIC*DEN))*R
GO To 69
65 nPDS1=R
TINO=TTINO(K)
T2NO=TT2NO(K)
SUSTRR2(XI*Z(1»K)+TRP(KI*Z2(2,K)

ti4]

X30= TX30(<)*S4d

NPDS2=((TINO*wHX+T1C«CHINO=X30¢SUY Yr#2+(T2NO#pSIC+TL2C*CHINO~
1 X300Z(3,K))ww2+ ((TANO+T2NO)*THETC)##w2) R

GO To 69

66 NPDS1=(HH+*HHH+2SIC*PS]C)*R
DPDS2=(TIC*HK+T12C*PSIC)I*CHINDW*R

C END OF DERIVATIVE EVALJATION

67 GO TO (70,120,199,210),IFLAG



671

Ty

8¢

9¢
100
110

120
13¢C

140

15690

170

130

190

200

210

221

PSUM1=DPDS1

PSUM2=DPDS2

1FLAG=2

1F(NFLAG)BD,90,8)
TEND=NNNN=2

GO To 100

TEND=NNNN=1

I=1

KsILO+!

GO To 60

1IF (1=1/72%2)140,130,140
FVEl=EVE1+DPDS!
EVE2=EVE2+DPDS2

60 To 150

0DD1=0DND1+DPNS1
0DD2=0DD2+nPDS2

=1+

1IF(I-IEND)110,119,160
PSUMY=PSUM1+4,#00D1+2, *EVEL
PSUM2=PSUM2+4,*0DD2+2, *EVE2
[FLAG=3
tF(NFLAGY180,170,18¢0

K=IUP

GO To 60

Kz1UPel

GO To 60

HH=0S/3.,
PSUM1=HH*(PSUM1+DPDS1)
PSUM2sHH* (PSUM2¢IPDS52)
1F(NFLAG)200,220,200
TERM1=DPDS1

TERM2=DPDS?2

K=lup

IFLAG=Y

GO To 60

HH=DS/2,
PSUMI=PSUML+HH*(TEIM1+DPDS1)
PSUMPSPSUMR+HH* (TEIM2+DPNS2)
FI1sF]1+PSUML

F12=F]2+PSUM2



oSl

230
v

CONTINUE

C CORRECTION FOR RINGS

240

245

247

244

248

250

c

PSUM1=0,

PSUM2=0,

DO 250 Tz1,NDIS

JESJENT(])

IT=NQUT1(JE)
IFCIT*]T+1)250,240,250
WXCETWXC(])

WYCSYWYC(]}

SA=TSA(D)

IF(TEA(L) ,EQ, CG,)5A=0,
HH=WXC*WXCoWYC*WYC

IFCINTGRD) 248,245,247
FI18F[1+SA«(TPHISQ(I)» ,S*TPH]ISN{I))wHH
PSUM2=PSUM2+SA*TIHIC(I)w(WXC*TWXS(1)eWYC*TWYS(]))
GO To 250
WKETYPHINCT ) #+GUESS*TTPHIODC )
IF(NOUT2(¢JE) LT, B)GO TO 246
MK=2, *HK

SAE S5*SA

HKaSAYHKwHK

PSUML=PSUM1+SA
PSUM2=PSUM2+HK*H4

GO To 250

IF(NOUT2(JE) .SE, B)SA=,5e5a
PSUME=PSUML+SA
PSUM2=PSUM2+SA*HY

CONTINUE

IFCINTGRD NE, 0)GO TO 260
Fl2eF ]2+ ,5«PSUM2

C CORRECTION FOR DOME CLOSURE

260
270
280

IF(FNC=1,)260,260,310
1F(NQUT1(1)=4)270,280,270
IF(NOUTL1(LSTAB)*4)310,290,310
K=s1

GO To 300



LSt

290 K= STAB
300 R=TR(K)
THETC=TTHETC(K)
CHIC=TCHIC(K)
JFCINTGRD ,NE, 0)GD TQ 304
HH=TT1S0(K)
IF(FNC)Y302,301,302
301 MWK=TPSIC(K)}*R/TRI2(K)
FI1F11+HHwHKwHK
60 To 303
302 HKsCHIC*R
FI1sF]1+HKaHK@ (HH+TTISN(K)eY(4,K)® S«¢TIR2(K)/R)
GO To 303
304 HH=THETC#THETC
CHIC2=CHIC«CHIC
HK=R«R
JIFCINTGRD LY, D0)GO TO 305
HH=2, *HH
[F(FNC ,EQ, 1,)HHeHH+CH]C2
TINQ=eTTINO(K)
HH3TINO*TANQ #HH
1F(FNC,NE+1,)60 TO 306
FKI=SWaTXI0(KI*Z(2,K)
HHIHH*FK3* (FK3nSNw2 *TINO*Z(4,K))
306 Fli1sFly+,5#HK
Fl25F]2+HH*HK
GO To 303
305 IF(FNC ,EQ, 1,)H4sHH+2,*CHIC2
FlisHHaHK® S5+F11
303 1F(K«LSTABY270+,310,270
J10 IF(INTGRN) 316,326,315
315 Fl23F11+F12+PSUML*PSUM2
AREA=F1I1
UPH]=PSUML
RETURN
316 Fl1i=F11/AREA
1F(PSUML (NE, Q.)FI1=F]1+PSUM2/PSUML
320 RETURN
END
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CveRLAY LOVLYec oy )
FrULOKAK SkAgul

- CUMMON kRATs1DUNEefOFelFy L LRy ISswo
CUMMUN IR
CUMMUN HEL(498) sdP (349994) yBBL (494)
COMMUN HBU(34v4ea) vl (a9a) bl (@va) sl lscl2enlCloBlL2sBM2eBRE
CUMMON CicsCAP [ oLAP L 9 CARPE
COAMUN CHLsCHLICICRIC2eCHINDICML Y CPyCU
COMMON CS5eCSE
COMMON UeL LsCEoy U9 mww
CumMrUnN LASEAST oL ISTeELRIELIRYIETY

CUMMUN LPS1+EFS1evbPSeobPSeSoETA
CUMMUN P LlloFIceFRKLloerKeEgPKY
CUMMUON PLAMSFLAMELobLuml2oFLAMIIoFL AN 4

COMMUN FLAMZ sk LAM22eF LAMedoFILAMZG
CuMMOUN FlaMsiobLam32ob LAMI3oF L aAMIG
COMMUIN FLAMG L 9P LAMG 2 oFLAMGIsFLAMGG

CUMMON FMUL19FMULcoPMUZLoFMUCEZ - 19FNC

COMMUN GJSTesGUTsGLAMIGUESS

CUMMUN RHeHHReRKsnRM]

COMMON 19 li3KP o [UERy IDERF 9 LERRo IFvU s Il o 1119 INTERY INTORO
COMMON JeJEsJENT (34) 9 JJ

CUMMON KoKaSEsRENTIRENT I oRENTZONIC29RJoKNLoKPATRIKS9KSS
CUMMON LLsLSHMlobsiABeLSTABT«L1AB(LGU) sLTYPE

CUMMON NUISeivtiiSLaweQenbMenlCoNJE s NLF LAG 9 NML

COMMON NTRYelnwioivarLonTERP

CUMMON PS1(CePSy

COMMUN ry REORRAZorRT AL

COMMUN 5eSAsSAvEsSDeSrLY SL{34s4) g5LM({4)oSLZ(4) sSNeSUISUML
CUMMUN SUMMeSveSw

CUMMON TleTiCellivueTlousi2el2CeiZ2nunliel

CumMOn ILHIC(TIgu) e TCRINVULIUED)
CUMMOUN TUIS(3<4) el tlugeolelelldelngtlided)olbdideTREUK
CuMmun (el gl yes)e reasi(icu)

Coontety T iaTlhut)y Jodst (400)

AfTCienl e ineTaeirne TCaTHETL s IR I TSR

CoAvon Tal (!l ) eing{lo tetnstigu!
LR SAN VvV G g e Nl e TNUL IR
Tavrus TRSICHE ) e t gyl eimlalwP iyl e frFIoTRRZ]100)

(VL AV LN ] P T B N S PR



gql

l
;

2vi

LUMMUN Frillou) e |f1N0‘190)

(UMmMON VI2C(aou) s TTenu(100)°
CUMMON 1T1éC(buu)

COMMON 1TaB1(4) 9l 1AB2 () e | 1ANI(4) s T iABG(4) el Ink)C(1U0)
COMMON TA3 01y u) s 1ASX (L u)) o TRIY LT 0G) 0 1enSt{100)

COMMUN WUKRKR (9ern) sWwACIYWY(

COMMUN ALoOX1S oA R X3UINIXIAIY oo ALioACCIACIIA]

CUMMUN y(4410Y9) '

CUMMUN Z{uslyi) 94naRelodTeLLERD

CUMMUN s0uve2/ WV las3alruYyla) sl (S) ek (5)9E12(S)IFNUL(S)y
Plaobypdu) PP (498936) sPPSTUR(494) oPRy (4349100) 9PRy (4949100)
PRZ(G 9G] au) sWPaTUK(4) 9SHIS) oLV ar34) s YG(8) oPRULG949]100)
LIMENSIUN NUUT (L) ePR3(L,0)

LIMENSLON UYLtoed)eYl(de9)

EWUIVALENCE (130FKS) s (WURKNUUT)

EWULVALENCE (Cvir3)eY D)o luvit3)euYl)

FORMAT (13n DS 10U 3MALL)

EXTEKNAL LDERICNT

IF(LITER oidke L)GU TO lyud

ITER =3

€0 TV 1943

lyoe
163 -

[Ten=4

£ = Ts(1)
NDISL=)
LSTadi=y
tL=sLTamcy)
rPalH=1
Ks=1
1Fvu =
Innp = |}
Kask=3
NIRrRY=S]
CS 5 (TulS(E) = 1uld(1))1/20
Ned=04g

LER=|

luckb s

A=y

KESue

XJ='Jf

ELi=uve



val

ELe=Je
LU juus L=)en
LU Juih Js]aeg
luus YltleJd)=d,
LU lul‘ 1'_'[0?1
1vlu Yl(191)=10
Cabkl RESI(pEReCNToYlopYloaTaoloRIiadlewORR 9SsUSINEWs IFVDe1EKPY
INTRY e IERR)
FLIERH) 1922010291922
ludv RASESZ
ITER=11ER=2
£ = Ts(1)
ApIsl = L
LSTad) = )
L= Tan(])
KPATH = 1
Ks = 1
IFvD J
loKP i
LS = (TUlsS(2) = {0iS(1))/20.
ANTRY = |
ILER=9
1oERF=Y
NEw 8 4
LO Juse 11 = |+8
109¢ Y9 (II) = O,
CALL RRSI(VERICN 9 YIsLYI9AIABLIHTABLIWURK S USINEQy IFVD IBKP,
INTRYs JerR)
luey IF(IERK)LYZ22e1920019722
1922 wKITE (luks2ui)
CAaLL EALT
9o ADIS) = 2
CU 1964 KS=1elLd>Twp
IF (vUISE = NULD) 1930195491930
193¢ IF(RS=JENT (NWLn1)) 1990919401950
1940 NULS) = NUISL + |
195y CO 196t I = Lea
Ly 196y J 5 le4
YUlIol®) = v (leKS) o PRULLIIJIRSI®CYIYINDIS])
1 ¢ PRV LLeJen9)®uv (JehDISY)
190U L(LeRS) =2 Z(LeR3) * BPRal{IsJIRS)IHCVIveNUED])
1 + PRI e JeRS)IBUVJehulNl)
hE TUKN
& ND

$ou



114}

CUMMON
CUMMON
CUMMON
CumimOUN
CUMMON
CUMMUN
CUOMMON
COMMUN
CuMMUN
COMMUN
COMMON
COMMUN
CumMimUiy
CUMMUN
Cu™MMUN
CuUMMUN
CUMMOUN
CUMMUN
CUMMON
COMMUN
COMMON
COMMUN
COMMON
CUMMON

CUOMMUN’

CUMMUN
COMMUN
CUMIMON
CUOMMON
COMMUON
COMAMON
COMMON
COMMUN
CUMMON
CUMMON
CUMMUON
CumMMUN
CUMMON
CuUMMUN
COMMUN
CUuMMON

 SUBROUTINE CNT

HalgIUUNE e LUF s IP [TeK 15Swe6
aAlaolL
BELl496) sdP (343494) sB8BLav4)
(3604 94) spUM(Gea) soVL{494) sl lreL2eBLCLoBLCEIBMEIBR2

CldyCAPlsCAPICECAPZ
CHleCrlLoLn]1L2eCHINYICM] Y cPICL
Co>e(Sc

beEL i sUENY USUSH

EAsEASTELST et IX9oELRYELY
CPS19EPDICIEFS2eLPS2SETA

PLlsbloebnioabKeyrKy
FLamebLAMiLobLnil2oFLAML IybLAMLG

FlLaMerobLamg2eFLAMZIsFILLAMLY

FLAMIL oL aM32eFLAMI3sF L AMIG

FLAM4 Lo LAaMa2oFLAMG I FLAMG Y
PMULLFMUI2eFMUZ2LoFMUZ2yF N F NT
BJSTeGUTsLLAMIGULSS
MHesHRMy K s HAM]
Lo [drhPo Ut IDERF o LltRo LF VU LLo ILT o INIERS INTGRY
JeyJEsJe Nl L34) v JJ S
KoKASEsRKEWT o KENT1oKENTZ9K[C29NJIKN L9 KPATHIKS9KSS
LLeLSMY oLt ABsLSTAY oL TAB(1uu) v LTYPRE
NUISoNUISLanEQenFMoNICONJE o NLEFLAG Y NML
NTRYsivaPonwPCeNIERP

PY[CePS]T
e RPIRKZYR | abl
SeSAsSAvEeSmeSHL Y SL(SQ!H)OSLM(4)OSLL(Q)OSNQSU’SUMI

SUMMy SV SH
TloT1Ce linuellSueT2eT2CelenurlleC
PCHEC L oY) o TCHING(LIUVO)
1UIs(34) sl (loyyed)sTelldel2lludeb)eTECLJeTREIK
Tele({luueade TeasT(low)
1EISTLIvl) J6JSTL100)
TAtL0UeD) s it Tas iHEICo THETCoTHLIJ THJN
IRTCI0U) o In2tYGY) e IR3CL00)
INUL(IOUS) o TNU LI U TNULJUR
TRPSIC(1ug) e THULUU) 9 TRIOTRPLIOU) o TRPL s TRR21100)
IRH2lelalivy) '
FT1Ctivuls TTINO(LU0)
T1eCtiuu)y TTen0(100)
1ileCtivy)



961

C

CuMMuUN [IAKI(a) s lap2(a) et TAB3(4)siThADa(a) sl IHETC(LUY)

CuMMUN IX3u(Lau) e TASX(1yu) s EXIYLLGY) s

Lo tluv)

CUMMUN wURK (4an) swALsnY(

COMMUN ALoaXIDvAZoAIsRIUAIXIAIY oA ALLaXC29X 391
COMMON Y aeluu)

COMMON £ (449104) sfaReZuST e LLERD

COMMUN s0vy2/

DV {4934) suYI(B) et 1 (E)sERQ(D)sELC (D) 9FNUL(S)

1 Pla94e34) PP (4eu934) sPPITOR(G4) oPRV(Gea9100) sPRW (Goa9100)
€ PRLC4ras100) suPSTUR(A) 9SH(D) s V(49 34) 9YG(8) sPRU(Ge4910U0)

C UVIMEASIUN.

LIMENS[ON
CIMENSIUN

NOUT (14y) oPRS{Y Q)
UYllgeg)eYligey)

C ALDUETIUNAL UIMENSIUN Fur CNT

C

LCIMENSION
CIMENSION
LIMENSION
CIMENSIUN
LIMENSION
CIMENSLON
‘L IMENSIUN
CIMENSION
CIMENSIUN
CIMENSION
L IMENSLION
TCIMENS[UN
LIMENSIUN
CIMENSION
CIMENSIUN
LIMENSIUN
CIMENSjuUN
LIMENSTUN
CIMeNSLIunN
LCIMENSTUN
LIMENS]LUN

C bEulUlvaLeNCe
tdlvaLenCe (WORNHOUT) 9 (TSIPRS)
EUUIVALENCE (Cv 73 oY) o (pVLi73)oyYL)

ALPRA{G4) 9AUG (49 8)

BeMit494) 9BEPT (4941 9nG (4} radd(4)suTalés)

RUC4¢4) oV {4et) ypw(4s4) 9l (G94)

DELTA(494)

GAMMA (4 e4)

OMEGA (&)

PRG (49 lul) *FRIC49100) 9PSL(4) sPSTOR 494
W{d934) 0P (4934) 2uSTUR(4)

SDELIAL494)

TEMML (4 ea)

WMAT L (494) vWMATZ2(494) sWMATI(494) yWMATG(494) ,WMATS (404)
WMATO(uva) swMATT{494) yWMATE(494) yWMATI (404} )WMATL10(404)
WMATIL(494) oWiMATLIZ(494) swMATLI3(494) oWwMATLG(404)

WMAT 1D (404) ewMuaTlol(Ged) sWMATL17(49a) sWMATIB (G0 k)

NMAT LG (494) sWMATZ2U (494) s WwMAT21 (494) sWMATZ22(G0e4)
AMATZ3(404) oaMATL4(494) 9WMa125(hyed) yWMAT260(b04)

WMAIZT t4e4)

AVECLCG) owVECZ(4) aWVEC3(4) sWVECH(4) 9yWVECSH14) 9WVECE(4)
WVEC /7 (4) 9wVECS(4) sWVECG(4) yWVECLO(4) swVECLL(4) vwVEC12(4)
WVECL31a) sWvECL14(4) s WVECLID(4) 9nvECLlO(4) ywVECLT (4)
WVECLB () oWVEC]19La) swVECL2yt4) onvECZ] (4) 9 WVEC22(4)



A

C ALLTIUNAL EuulvalenCe POR G
CWUIVALENCE(Yorro) o (ZePRJ) 2 (CVoW) s (WVIUP)
EUULVALENCE (WUKR (29l ewMaTZowmpnlaswMaToowMalLl2owMATLIOWMATL G
1 ALPHaywMAT2denMal 4 enwitaTeY)
BEUUIVALENCE (wURK(30T) 9wMallesGAMMAYWMAT ISyWMAT169HEIA)
EUUIVALENCE (NURR(323) 9wMATyrwMATLOsWMATILoWMATLT7ToWMATLIBIWMATLOY
1 wrMAT20ewMATZ) s BuMT)
ENUlVaALENCE (WUKAR(339) eaMalIsVELTAswWMATOIWMAI TowMATEBIWMAT2208U)
EWULIVALENCE (WURR(35S) s TEMM]lsBOP (sv)
EUUIVALENCE (WUKRK(371) swvECLowvEC3sOMEGAYWVECLUIWVECL24PS])
EWULIVALENCE (WUKR(3/5) sWVECZIWVEC4 I WVECSIWVECLLIWVECLIsWVECL 4
I WYECISoWVECLE oWV LI TowvVECLEBYWVECYIIWVECCUIWVEC2])
EWUIVALENCE (wURR(379) swybCoOowvELTowVECBIwyvELIsBY)
EQUIVALENCE (wURN(383) sAUG) s {WURK (4[5) stdw) 9 (WORK(43]1)e82)
1 (AURK(447)s3JJ) 2 (wURK(45]1) oSDELTA) o (WORK (467) 9PSTUR) »
¢ (WURK (483) yUS10H)

1263 FORMAT (//12H SUHINIERVALyI3919H 1S TUO LUNG AT S 3y El2e4)

IF (KASE=3) 1290912001290
1c6y IF (Yl (besa)=]eba) jcRr12829 282

1242 wWRITE (JUFy12K3) NUISL1eS
IF(ISSwoe NFe uw)LU 10 [g29y
CaLlL ER)T i
1290 NIRY = |
IF( (PRS(K3) = 5) = leE=6) 131591315+1350

1318 S$=PRO(RNY)
IF (KASE=2) 133113291324

1320 Cu 132¢ (=14
Fro(lehs)zy9 (D)

1322 FRJ(UIoRS)=Y9(]+g)
G To 1431

1324 CO (320 [=].4
Cu 1326 J=]+4
FRU(LsJIRS)=Y ) ([0y)
Frytlooens)syl(leyes)
FRA(LodsrSI=Y 1 (440 d)
FRZ(LouonS)=Y]l{l*qrd*a)



841

lar
L3st

133¢
1333
1300
IIRERC
Yicw
13eb
1390

lavu

141

lecsy

lags

l4du
143%

1449y
laad

lase

Cunl Inue

KSS5=K>

lP‘KS'i)lBJd’ljjjvldJC

LS = L3S

Ny = K2 + |}

Ik LABS 5 = 1L131iS) + 1)) = jet~uy
LF APRS tRS) =5=1.3) Liapur l3bne 1365
LSS = ud

£y = PRI(A>) = >

Cu 1V eufe

LSS=U>

0 TO ¢curi

NolSE = nbISL *+

IF (D191 = NULD) iaelUslavielelu
NIHY = 2

1F (KAst=3)192vecutie lbach

S = Tplsindisl)

Lslagl = JENTINLLIST)
LLsL AR (LSTAY)

NIRY = 4
]F(KASE-E)]4££914Ju91444
Ly jeds T o= Les

rall) & PRil1eASD)
ByJdil) = FRJ(IeRDD)

LU 1423 0 = 14

EUu(led) = PHUCLeJeKSS)
Evi(led) = PRV (LeJensS)
EwileJd)l = PHWE{sJynSS)
EL(led) = P (Lo doRSS)

IF (NTRY=Z)151veitduslaiu
Cu 1439 1=

Yotl) = U

¢ TO lace

CO leas L = leb

LU 1445 J=
Yitled) =

LU le5, 1

Yi(leld) .=

cQ U cud

139uv13Jduridoy



651

191

193w

157u

lo0d

lozu

CELTACLsD)

EU 15331 1 = l"'

Lu 193, J = 14

i (Loy)sepuP (NL[SLe ] J)
CALL MMM (BHMJeoyesyMATL)

Call Mat(blZyado)

CALL MalStaUuoeaMyTeeboa)
IF(RPATR = 1) 1530919309153y

Lu (%30 | = Les
wVEC22tL) = AJdJdil)
LU 193¢ J = les

WMAT26(1ey) = aMaT2(led)
WMAT2T7([eJ) = pul(led)

CALL MMM (HyswMAl29aMATY)
CaLL MMM (bgMiewMal3eTEMM])
LU 1%y ] = les

CQ loea J led

- Temiml(fod)
CALL MMM(DELTasENIWMATS)
CALL MMAlwMATLawmul49o0AMMA)
CO 1%y [ = Les

LU 156y Jd = les

SUELTA(LYY) = BOUNDISLYIeJ)=DELTALL YY)

CALL MvM(UelL [asoudewVECL)

LAl MyvM(BsMTeoGenveC2)

CALL VVA(WVEClswveCerwveEC)
LU 1%7u 1 = les
CMEGA(L) = SL(wDISLeD)=wVEC3(])

€U TU (leovdsl)uu) snFATRH

CaLl MMM (BUZsumB{losWMa|3)
CALL MMMLiwMAalSewirtnlcTowmAalp)
LU 1ol [ = Les

Lv locu J = lee

TErdMl (led) = = Goellivy)
Cale MMa(wMalksIzMmlywmall)
CALL Map (aMAl 79RUL)

CaLl MaTStaubevMalnedss)
Cull MM (witAToew=alnePSTuRr)
CALL MvMm(wMAiSsngdeaVELe)
CALL VvA(SLZewVELwenwVELY)
CalLL vMvm{wsMaldowvrLoouslUr)



051

losy

| ATV

174y

la9u

1ty
182v

lasu

1o

ioze

Calt mrMivartaePasturewnaly)
Caly MMA(amATwenuLtQaamAlLy)
CaLL Mac{wtallusnuo)

Capl MalSIauGeamafilioarg)

LO 165, I=lee

LO 165, Jsley

e T (Tey)SgrrF (NuLSieT o)

CaLlk MMV (wMAallLooaPTePPSTUKR)
CALL MVMIGAMMasWS TURIWVECE)
CALL vva({wyFEChasLMpuaswvECT)
caLl MvM(wsaaTlbewve(TowrPSTUR)
KPaljr = 2 )

€0 TO 186y

CALL MMM(BZePPSTURswMall2)

L0 171d 1 = 1o
LU 1710 U = L4

WMATLI3C(Led) = swiled) = wMaTleg(led)
CaLlL Mar (wMATLI3sauUL)

CalLl MATS(AULIFS[UKISv4)

CabL MVM(sZouraTUReWVECE)

CALL VVA(BJJIWVECEIWVECY)
CALL MVM(PSTORSWVLLYIWSTOR)

€GO T 164
LO 181y I = ls4
ClLeNDLISL) = uSTUKRI(D)

CP{LonNulS1l+l) = WwpSTOK(])

CU 181y J = }Jes

FllaJdoenulS]l) = PSTur(lsW)
FP(TedenulIsivt) = PPSIUR(TJ)
CO 10 ¢ule

11 = NulS

Cabl. MMMl ssswitalle)

CaLl MMM {nyrenweavally)

CallL MFA{wTLteenmntilag ALPAA)
ColLl MwM (gl oavewtaullc)

Catl, # M ngMealeavi i)

WL Yt kTl /QDL_‘A)
] At ILEARCR IR TY N R
.- v Mo agraveCHL)

ce vk omytLiurayel. Tawvtl i)
ORI I - TSNV fen



1oL

lowu FSI(1) = SLrMf) = wvECle(])
IF(LLl = @) 2ivJeluiunlidhy
1856 L0 1860 1 = )ea
LU 1832 K = lea
AMAT LNl eK) = e
L0 1ldhy J = laew
16060 VAT RtLIsR) = WhAATIB(laK) ¢ BETA(LeJ)*FPSTOR(JIK)
L oldue I o= lea
LU 1880 Jd = les
188y wMATIY(fed) = ALrna(led) = wMATIB{[sy)
Capl, Map(wiaTl2eayu)
CaLl, MATS (AUGewMATCUsGe4)
Co 1849, 1 = lea
wvetli(l) = da
LU 189y J s e
189y ave(l3(l) WUeClgtl) + BETA(LeJ)#WUPSTOR(Y)
':‘-) l‘l'v“ 1 = le4
1900 avnGig ()Y = Pol(f) = wvECYI(L)
LU J91y 1 = let
(vtle[l) = G
FEYIRR K B IR B W
1910 4vitlell) = Cvilell) & wiMATZUt]oJ)wvECLE (V)
1915 V0 1y2) I = Yes
wuo lyed J o= ten
IYcu “uttelll = Uviiail) = PP(Tedell)ewividsll)
Il = 11 «
c0 193«‘ I = 'ed
Cvtlall) = @ O{leld)
Cit 192, = les
1vdu Zv(iall) = Cu(le]ll]l) P(lsJolI)va(Jvlltl)
JFLLY = 2) lJaunelyaye]Idln

Yo4g T 2960 | 3 Lew
avkECr-(1) =
oM, J 3 taa

1990 AvELY 1) = wudrCoa(l) « aMAT2T7(Led)*CV (Jell)
PRI T 1 = o0

M LI N VN A

Gt Con(LY o+ ﬁVFCdd(l)

1909 Cn tyr 1 = 1.4

Y9y AVELYIZUL) = UvTeg) = wve(fbll)
LU 19K L = les
LV(I’Z, S Je
LO 1Yd¢ J 3 lew



9t

1400

duuv

2ui

263v

2u4v

FV-1Y)
2ulvy
2ytvy

CVilegz) = uviteg) ¢ Wikalgnlled)¥wvee i/ (J)
Cu TU o

CaLL Mue (ALkrasALY)

CALL MAIS(AUGedalZlvany)
CaLbl MMV (pglesalclowmpide)
CaLL MMM (wMATczZeHE TRAYWMATZS)

Ly Z2vecéy 1 = Q4

CO 2u2u J = Lo

WMAT24 (Led) = wMu[L4(Jed) = =i ' Tay)
CaLl Mac(wMATZa9AU0)

CALL MaTlS({aUGewM, icheae4)

CaLl MyM(waTzZeornfowyiCls)

CO 293u 1 = 14

WVECL9(1l) = WveCla(l) = SL2())

LO 2¢4u | = 14

Lvile2) = 3

LU 204y J = 194

Lv(de2) = Ovileg) o WMAT25(19J) *wvECLIY (J)

CO 2050 I = 14
wVEC20(1) = v,

LU 2090 J = 14

WVECR20(I) = wveCey(l) = BETA(Ied)#0V(Je2)
CaLl VvalPSIswVvEC2oeWVECZE)

LU 2060 1 = 194

Cviles2) = yo®

CO 296y J = leea

Cvi(le2) = Cu(le2) + WHMATZ2U(LleJd)¥uwvECeci (D)
CUNTINUE

RETURN

ENU



€9l

SUBHOUT INE  UbK

COMMUN RATeJUUNE LU P [ TERY I15Swo

CuMMON AladL

CuMMON BEL(494) otibP (J%0494) yDDL {40 4) _
CUMMUN dU(3asaes) sriUM(499) o0 (494 ) sbLisEL29BLCLIBLCCoBMEBR2
LOMMUN L12eChPloCAP ek s CAPR

CUMMON CnlsCALCACRLIC2oCh g oCM]Ly CPICQ
COMMON CSeCSE

COMMON veLisuBive UdUSS

CUMMUN CAEASToELISTIELAsELXYIELY

COMMON EPS1sEPSTICebPS2obPSeSrE | A
COMMUN FlloeFLl2eFK1oPKeoFK3
CUMMUN FLAMoFLAMI Lot LAMI2oFLAMI3oFLAMLG

COMMUN FLaMc Lok LamMg2oFLAM2I o LAMCS
COMMON FLaMm3lokrLavdlor LAM3Iof LANISG
CUMMUN FLaMu4 | oPLAMA2+sFLAMGI9FLAMGS

COMMON FMUT L oFNMUL2er MU 9P MUZZoFNoFNC

CUMMUN GUSTeGUTsbLAMIGUESS

COMMON mHeARHY MR onKM]

COMMON Lo IBKPs 10Ky LOERF 9 IERRoIF VU 1191119 INTERY INTOROD
COMMON JedEsJENTLS4) 20U

COMMUN KyKASEsKENI sKENT1oKeNT29KIC29KJoKMLoKPATHIKSIKSS
CUMMON LLsLSMI oL labsLSTABLILTAB(10V) 9LTYPE

COMMUN NULSeNULSLeNEQoNFMINICINJE sNLFLAGeNML

COMMUON NTRYsNwPonaPCoNTERP

COMMON PSICePSLT

CUMMON Ko RFEeRRZIRT AL

CUOMMUN SoeSAeSAVE sSbSFL Y SL(3494) 9SLM{4)9SLLL4) sSNISUISUM]
COMMUN SUMMeSVedw

CUMMON TloflCollnueTISueT297eCoTENURTLRC

COMMON JCRIC(LyD) TCHING(L100)
CUMMON TUIS(34) ol (lyueS) o TlIJeTE2(LU0IS) v IE2IJsTERUK
CUMMON Tel12(LlGueb)s TEAST{lu)

CUMMUN fElsT(lu0) s TO6JST(100)

CUMMON TH{L10UeD) 9 IHETAS THETCoTHETC2y THIJo THIR
COMMUN TRI(10D)eTRe(1u0) 9 TK3(1UU)
C UMMUN INUL(1u0s5) 9 INULIVY TNULUK

CUMMUN TPSIC(iyu) TR(Iy0) o IRIsTRP(LUU) o TRPIWTRR2(100)
COMMUN IRKZ1e IS 0)



¥l

135v
1392

1395
l4yv

14]vu

legu

CUMMON TT1C(1luu)y TTINOC(ROO)

CUMMON TT2Ctiyu)e TTENO(100:
CUMMUN T1ieciiuy)

COMMUN TTASL (4) 9| 1aB2(4)y1TABI(4) s | 1AB4(4) o TIRETC(100)
COMMON TA3; L) i RIXLEy0) o TR3YELGUD Y ’ Tesstitlsy)

COMMON WUKRK (4g0) swALIWY(

COMMON ALl eX190RZ9A39X3UsX3X9XIY9ABoALLIRCCIACIIA]

COMMON Y (44104)

COMMON 2 (4e)n) odrsAke/BST o LERO

CUMMON /0vV2/ LV (4934)90Y9(g) sl (S)I2EC(D)oELlC (S oFNULIG) Y
] Pla94934) oFPP (4949034) sPPSTUR(499) 9PHY (4944]100) sPRw{~. -intudy
2 PRZ(G4var ] y0) stiP>10R(4) 9SH(S) sCV(4934) 9 Y3 (B8) oPRU(GeGy .
CIMENSLIUN NUJI(1uy)ePRS(L00)

CIMENSION UYL (He9)eY1l(B99)

EWULVALENCE (WURKyNOUT) s (1S9PRS)

EQULIVALENCE (CV(/3)seY1l)e(DV(T3)eDY])

IF(S = [S(LSTaml)) 1395¢"  ""ell3ve

LSTAB1=LSTARL+]

€0 TO 139¢

IF(S = TS(LSTaBL = 1)) layQried0rlace

LSTABLl = LSTanl = |

€0 T0 1395

LaM1sLSTABY

€U TO leg] :

KAT = (S = TS{LSTAB]l = 1)/ (TS(LSTApL) = TS(LSTABL = 1))
k3 SLUPE(TReL3TApl)

FP = SLUPE(TRPeL51ABY)

FrRZ = SLOPE(TKRRZeLDIAB]L)
FrRE = SLUPE(TRLIsLSTABL)
FrR2 = SLOPE(Incel5T1A8])
Frd = SLUPE(TKIILSTABL)
EAST = SLORPE(TcASTWLSTan])
EISF = SLORPE(IEL>TsLSTABI)
CJST = SLOPE(IWJSIoLSTABL)
ST = SLOPE(T148>TeLSTAwL)

A3V=SLUPE (TXxd sLafAanl)
X3IXSSLUPE(Tr3XxeLTABY)
X3Y=SLUPE(TX3YslLdiABl)



9l

1422
laze
lace3
1423
laczo

l428
1429

1434

1440

1841

IF(LSTARL = |1 = JENTI(NULIDL)) 14269142bylucé
IF(LSTaDlel=LS1AD) 14230)42501428

IFILSTAGL = JENTUNWUISIeL) « 1) l42hel4ldvlecy
IFCIS(LSTad]l ¢ 1) = S = 5 ¢« TS(LSTAHL «=2)) 14269142069]428
NTERP = .
GO TU 1429

NTERP = )

T1C =SLOPE3CTITIC sLSTABLINTERP)

12C =SLUPE3(T12C rLSTABLINTERP)

112C =SLOPEI (I 11el sLSTAHBLINTERP)

FSIC =SLUPE3(TPSLIC sLSTABLINTERP)

CHIC SSLOPE3UICHIC sLSTaBLaNTERPK)
IHETC=5LUP&3llIHtJCoLSIAdlowltRP)
TINGSSLUFEIC(TTAIN suSTABL s TERP)
F2Nu=SLUPE 3 (T 1N . oD Tanlanieky)
CHINO=SLUFEI(ICHINGoILS1AdLyNTERP)

€0 1430 n = loLL ’

FNUL(K)Y = SLOPEL(TULsLSTABLIK)

EL(K) = sLJrel(ibloLsSTABLYK)
E2(K) = SLOPEL(TE2sLSTABLK)
E12(K) = SLOPEL(TE12+L5TABLIK)
SH(K) 3 SLUPEL(THeLSTAD]eK)
CUNT INUE

€0 TO 1460

LSM1l = LSTABL = |}
F 3 TRILSM])
FP = TRP(LSM])

FR2 = TRKZ(LSM])
FK1 = TRL(LSM})
Fre = TR2LLSMY)
FK3 & TRKI(LSMI)
EaST TEAST(L>ML)

tIst = [EIsTiLoMi)
GudT = TuJST(LaMi)
Lysl = [(ZBSTILSML)
X30=TX3J(LSML)
X3XTXIA(LSML)
A3YSTXIVALSML)
¢ =lii¢ (LaMy )
TeC =T12¢C  (Lami)



991

Tasvy
lacy

22u

23,

1ieC =T11eC (LaMi)
FSL( =1EslC LoSmMy)
CHIC sTCRIC (LaMi)
THE (CTTHETC (Lyml)
TINysTIING (LOM])
FeNUSTTZNC (Lam])

CHINO= I CHING (LoM))

CU 145y K = leL il
FNUL(K) = TNUL(LamleX)

E1(R) = TEL{(LoMien}
E2(K) = TEZ2(LSMlisn)
El12(K) = TEIZ2{LSMLen)
SH(K) = TH(L3IM]eK)
CONTINUE

ERe = RR2/RK

€0 240 J=lea

Ifﬂbl(d):ﬂ.
TTage(Jl=t.
TTAB3(J) =0,
CONT InuE

FKSy.

LO 240 K=lall
CEN=SH(K)
IF(EL(K) oNEosU )

JUENSSHK) Z (1e=FNUL{R)®PFNUL (K)®E2(K)/EL(K))

TT1AB4 (L) =EL(K) %UEwN
TTaua () =E2(R) *uEn

TTAB4 (3)=FNUL(R)}¥TTAB&4G ()
TTapa{a)=t12(n)#on(K)
FRKALSHR

FREAKSR(K)
FHERKSHAM]
FHASHKPHRe KM | R ]

Lu 230 Jy=lea

[ TAnl(J)=TTad) (J)+TTABG (N
TTaH2(J)=TTag?2(Jd)+1T1AKH4(J) ¥t
(Tau3 (JI=TTap3(J)*+1iApa (J) FrnH



24¢

a26u

91

CONTINUE
Ad=ye.
IF(TTaB1(3)e WNEs yo)
1Xa=TTase(3) /T 1aBl(3)
CO 260 J=ly4
TTABL (J)=2.%T1 AL (J)
TTas2(J) 22, %1 TagdtJ)=xpg*TTapl (J)
1TAB3(J)=2,b000600678TTABI(J)=xB® (2. *TTAEZ (V) +XB*TTAB]L (J))
CONTINUE
Sw3 Le/ (R#6,283185397)
LZERU=LyS =Xl
PHSSWHEAST
IFHASHAY L LERY
1TAdl(1)=TTAp 1 (1) +HH
[TAB2(1)=TTABZ2 (1) +HHH
TTAg3(1)=TTAB3(L)+SWEEISTeHRARLLERQ
TTAB3(4)=TTAES(4) + . 25%SWeGYST
CELLI=TTABI (1) ¥ Tau3()=TTag2 (1) ®*TTage(l)
FLAMG4=TTABLI (1) /vl
FLAM34z==TTaB2({) 20t}
FLaM33=[TAap3(1) /0Ll
FLAMZG=TTAB3(3) %k LAM4G
FLAMZIASTTABI(3)%FLAM3G
FLAMZ2Z TV an3{2) =1 1au3(3) %FLAMZ4
PLAM]Ja={TAS) (3)#PrLANIG
FLAMII=TTA4](3)#F L AMI]
FLAMLIZ2=TTaH2(2) =1 a3 (3) % LaMlg
FLAMIL=T 1A (2) =T ABY (3)%FLAMYS
FMUZ22= e/ ([ Tamjla)ede® (ITABZ(4)+TTABI(6)*BR2) *BR2)
FMUL2=ge® (TTancl4) *ce¥ ) lap3(a) PgR2) *F MU2E
FMULLI=4 % (1AL (4)#1TAB3(4)=1TAB2(4)%TTAER(4) ) *FMy2¢
FMuel = = FmMUle

FLAMZY = FLAMLZ
FLAM3]1 = = FLAMLS
FLAM4G) = = FLAMLS
FlLaM3z2 = = FLAM24
FLAMGZ? = = FLAMZ4
FLAM43 = FLAOMIG
CeN=kFN/K

irHH = RE/K



891

205

2lu

215

286
290
1474

149y

FrMlsFNSHRE

[TAN4 (4) = GLAMSRIY
kn:kju*(a.%HA-Au)*bFL
IF ([DERF=8)2arednrchS
‘3300_

elLl=T1C#CRHIC
eL2=T12C%PSIC

IF(FN) 21502700870
BLZ2S=,0% (BL1+BL2)
A1=Qe

XeBye

EL1SVe

€0 TO 2de6

EL2S= 0% (BL1=BLZ)

kL= oS*‘TZC“PbIC*TlZC“CHIC)
X118z (TLCeT2CI 8 [HEIC ’
123'35“HHH“X15
r1==FNC#X]1S/R

SAVESHK#GLAM

L£O 150V J=llkwrelUERF

SU = RH2¥Y L (Bed) + rP#Y L (6 J)
Sw = =RPAYL(5eJ) + RRe#Y1(69J)

FSITSmYl(TeJ) #ORE=DEN*SW

FH = FN#YL(69Jd) + Y1(79d)

XCla=Fr1® (SU=AB¥*Y1(ded))
XC2z=FR2# (Y1 (Ted) +XB#PSIT)

AC3 = =FR3 ¥OW '

ELCI=BLL¢XaH#ACLE

ELiC2=BLa=Xp¥xCl
IHETA:&hhM1*1\tSvJ)*HHﬁ*nﬂ)QCi1N0¢I2N0)
XCLsACLeRl=pEnsTre(a

ACeaRC L4 RZ=RARIAETA

XC3=XC3+K3

T = Rrg#Yj(ied) + HP#Y | (29 J)

EPS2SE (Yl(peu) + FNPYL(T7ed) ) /R

CaPe = HHH*YI(hod)tDtN*(-utN“rl(bpd)“RP ¢ rH*BKZ)
CaPLE SUEN¥ (YL (2sJ) /% = Y1(gsJ) ) #CHINUWESITHBRE ~
Cob=Yl(ded)=e¥lraln

IF(J-9)149lvin3’l49l



691

1491

lays

1497

1494

1494

l492

JaYb

ERS2EEPSES

TTAdl(3)Sye

€0 TO 1494

(HETC2STHETCHTRETC

V2, 25% (PSIC*PSIC IRETC2)

CHICZ2=ChlCeCH)C

IF(FN) 14984149 (9 1a98

EP322EP >SSV

TTABL(3)=.25%(CHIC¢*THETC2)

GO TO 1494

EPSe=EPSES=5V

TTABY (2)=e5%PSICHCHIC

CAPL2E=Cab12E=TTapl(2)%yn2

TTAB) (3)=,25%(CRIC2=-THETCZ)

CSESCSE=e25%X1Y

12 5 FLAMLI#EPS2+FLAMI2%CAP2+FLAM]I®T L +FLAMLA®Y ] (49J)
EMZ 3 FLAMZ1IRERPSQ+F LAM22H#CAP2+FLAM2INT] oFLAM24*Y1(40ey)
EPS)1S FLAM3IUEPSCeFLAM324CAP24FLAMIINT] oFLAMIG®Y] (44J)
CAP1= FLAMG1WEPS2+F LAM42¥CAP2+FLAM4GIOT] ¢FLAM4G*Y](40y)
SUMM =FMULL¥CAPl2c+FMUL2HCSE
EPS)2=FMy214CAPlct+FMy22%CSE

TTAB4 (3)=CHINCH#Y L (e d)

ELCLI=BLCL= (T2NURPSTT=CHINU®* (CSE=SUMM*ER2))
ELC2=BLCZ= (TINu¥YL (BoJ)+CHINO#T])

IF (LTYPE))149691492914%6

ELCL=WLCL=PSTI%Save

ELCZ=BLL2=Y] (Bed) #SAVE

€0 TO 1495

ACLSACL*TTAva{a)¥Y](HeJ)

KC2=XCe=TTan4{4) %pPS1T
ACISXCI+1TABY (4) ¥ (EPS1+EPSES=T1AB4 (3)=TTABL(J))
1 SOLAMS (Y] Laed)¥A3XsY ] (60J) #2R3Y)



0/l

14ys (FK DENS*E
CYl(led)
leKR2¥XC1
CYL(Z2esJ)
CYLl(3eJ)
LYl (4el))
CYL(5+J)
Crl(6ed)

M2

u M nnu &y

¢+ pLCl
wrHH® (YL (LeJ) «FNRRK)
RP#XC3
=HHR® (Y1 {290) ¢FN#Y]1(39J) )¢ T2/R¢HKM]1#HK =RP*XC]=RR2Z#XC3
«2,¥HAH®Y1 (35J) +UEN*T2 ¢ HK#BR2 = XC2
=HP#Y [ (19J) ¢+RR2®Y ] (29J) ¢HHH# (EM2=Y]1(49J) ) =DEN®SUMM=BLC2
KPEY Ll lgod) + RRSHEPSLI=RRZ*TTAZ@(3)
eHHEHY L (BeJ) ¢ HPHEPSI«rPHTTAES (3)

e PKML*Y1l(39J) +DEN¥SUMM/R

CYL(ToJ)SHRML#Y 1 (D9J) ¢AHHUHHERS | 2+PSIT#CHING
CYL(d9J)=CAFI

190U CONTINLE

[F(IDEr = 9) 153u9181691530
191v IF(FN)LISLZ2el9)aslbie
1912 LYliTe4)izlyl(7e9)=(1ABL(2)
1514 LYL(De9)3UY] (De9)~RH24TTABL (3)
C7146092=0Y ] laeg) =Ry #TlaB](3)

1230 = TURN
SRV,

|



¥4}

SUBRUUTENE HKSI (UbrIVICHNTRLIYIUYsATABLoRTABLIWORKeXKsDX9Ny RKS3

i [P VO, LBKP yNTRY 9 IERR) RKS3
CIMENSIU YUY eOY (L) owURK(]))
ExTERMAL CNTRLY GLKW]V RKS3
1 2 2 ¢ " RKS3 .
Ik 3 2 & g & n RKS3
Ik = 2 ¢ 3 % . HKS3
ILs T ¢4 RKS3
Yhom g ¢ m b HAD 3
LIMIT = 2 « 6 9 o RrSI
tudiln = | MKD3
v @ s 1 meE2
15 a0nall) = e RK53
st (1 = LInkl) 1vetorle rNE3
19 .= [ ¢} ARG
ey 7013 LAt X!
i LalLL UERIV PA3F
2y NTRY = 1 AXS3
CALL CnIRL
GO TO (3092904094 0) ey NTRY RKS3
25 IerRR 3 RKS3
W0 10 £20 RKS3
30 wOrRK(2) = X RKS3
I =1 RKS3
32 Ixd = [u ¢ 1 RKS3
WURK(IXY)= Y(}) RKS3
[XK=s IR + ] RKS3
WORK(IAR)Y= DY (L) RKS3
1XA3 JA ¢+ ) RKS3
RORR(IXA)= Go¥ - RKS3
IF (I = N) 33¢5005) RKS3
331 =1+ RKS3
CO0 TU 3¢ RKS3
by X = WOMK(2) RKS3
I =1 RKS3
al LA = JJ + 1 RKS3
Y(1) = wUKRK(1AJ) RKS3
IAK=E Ik * | RKS3
CY(]) = WURK([AK) RKS3

1Xa = la ¢ | RKS3



44

4c

Tu

&y

6l

83
Ha

8%

gn

o7

1]

WURK(]lAR) = Ueu

IF (I = N} 42enCe4,
1 =1+ )

Cu TU 4)

IF (UX) Toeewoe Ty
IEFRR = =]

€0 10 22vu

WORK (1) = DX

FUK = e50 # DX

GUA = 2% % Ux

XHALF = A

A3 K + QDX

I =)

IXL = [ + |

WORK([AL)Y=S DY([) # QDX
WORK(I+2) = Y({)

Y(I) = WwORK(I+2) + WORK(IXL)
IF (I = N) B3en4sgs

I ] +« ]

€0 10 ®2

CALL DERIV

I =1

RKAS & PY(]I) % GUX

Y(I) = WORK(1+2) + HKAS
Ixb= IL « 1|

WUORK(IAL)= WORK(IXL)* 2.0 # RK1§
IF (1 = N) B6yusTeuT

i=1 9+ ]

CO 10 H§

CALL DER]V

X 2 XHALF * mpXx

1 =)

kKA = Y (]) % HJA

Y(I) & wORK([+2) ¢ RKaS
IxL= IL ¢ |

WORK(IAL)= WOKK(IXL)+* WKAS
IF (I = nN) B9evUeyy

I =1 ¢« ]

€U U by

RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3



A

9y

91

92
93
94

95

Su
100
105

1u6

1]y
lev

CALL DEKLV
[ =]
IXL = I+ ]

WORK ([AL) = (WORR(IAL) + DY(1) % QuA)* 433333333333

Y(I) 3 WORK(IXL)*® WORK(]+2)

Ixaz 1A + |

WORK(IXA)® WURK(IRA) + wORK(IXL)

IF (1 = N) 92493993

1 =1+

€0 TO 9l

CALL DERLV

IF (ISWICH) S4slupe94
I1S547CH = ¢

I =1

IXdA = [n ¢ [
WORK(IXKH) = pY(])

IF (1 = N) 96950980

I =1 +¢1

€0 TU 95

ISWICH = 1

[F (IFvu) 2091u502y
AM = Dol

I =1

YX = ATABL + Rlapbl
IF (YX) 120+¢2109léy
IXH = Ik « [

Ik = [K ¢ ]

€1 2 (WORK(IAK) ¢ 4e0 * WORK(LXH) « UY(I)) * HLUX * +33333333333

Ixa = jA + |
Ll 3 SI = WORK([xA)
ERROR = ABS (UL/YX)

* apdS (Y(]))

IF (ERMQR = XM} lgielgiliu

RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3

RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3



Vil

13v
l4v
lal
l4¢é
15¢
160
17uv
L8y
i9v
204

elu
22y

XM = ERROK
IF (I = N) jejslage}ag
1 =1+ 1

€0 YO0 106
IF (XM = 1.0) 15591809190

IF (AM = o73) l6uslurlB!
IF (XM = L379) 17020420

LX = DX # 1.9He893|193
€0 TO 2

CX = DX #* ,63(39957344
€0 TO ¢&v )

CX = DA ¢ 46303957344

IF (IBKP) 200e4uscuu

M = XM # 1

IF (AM = 140) @uUel3uel9y
IERR =] '

KETURN

END

RKS3
RKS3
RKS3
RKS2
RAKS3
KKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKS3
RKSI
RKS3
RKS3
RKS3
RKS3



g/ll

130
13
14
15

lo
lez2

103
1/

25
cd

SUBKOUTINE MAaTS (Ao xoNoM)
LIMENSIUN A(4eb)oA(494)
10P25%

L0 2 Isleé

€0 2 Jstiew

X{led)z=Aa(led)

MME|yeM

IF(ABS (le=allog)%algo1) 7 (ALLs1)®AL292))) oGTee0001)G0 TO 6

LO S KTleMM

kR=Aa(2dk)
A(2sR)SA4)
BléeK)=R

LO 15 (=2

Il=]=~]

L0 15 J=)19ll

E=a(leJ)

IF (B okWe 0e)GO TY 15
kA (Jod)

IF(ABS(R) oLTe lek=10)GO TU 16

K=d/R

WwJsJel

LU 16 KaJJeMM
A(loK)=A(TaK)=RH®A(JoK)
CONTINUE

k=A{NsN)

IF (AHS(H) #GTs 1ek=10)G0 TU 17

WRITE({IUPyYl62) K

FORMAT(////782H SINGULAR MATRIX = CHECK BCUNDARY CONUITIONSe DIAGON
JAL ELEMENT OF REUUCED MATRIX S9E12.4)
WRITEC(IOP2163) ((Atled)su3lea)sl=]es)

FORMAT (42l 1)
IF(EUF 9 0) 1Tl 7
Lo2sJd=1eM

KK=ENeJ
AieJ)SA(NGNK) /A (o)
Cudsl=goN

IGJEN=Te¢]

Esu.

llznN=]e¢g

L0 295 K=]1eN
ESd*A(JUusn) ¥ X (ReJ)
Al{ddedistA{JJeKK) =) /A {JJeJdJ)
ke TURN

(X))

MATS0001

MATS0003

MATS0004
MATS0005
MATS0006

MATSO00le
MATS0017
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SHEET A

INITIAL POSTBUCKLING OF SHELLS OF REVOLUTION

‘ALWAYS REQUIRED -
ONE PAIR FOR EACH CASE)

CASE TITLE CARD (FORMAT 12A6)

1 72

IllLllllllllllllJLlllllllllllllllllljllllJJ_LlIIllllJ_lllllJlllllllllllLIll]

CASE OPTION CARD

6 810 12 1416 20 _76 78

VAN ABAG VAN ///]/Z///Z//,l T LLl///////j///A Ul

COLUMN 6 = BLANK, USE GEOMETRY FROM PREVIOUS CASE; = 1,.INPUT NEW GEOMETIRY

COLUMN 8 = BLANK, USE WALL PROPERTIES FROM PREVIOUS CASE; = 1, INPUT NEW WALL PROPERTIES

COLUMN 10 = BLANK, USE FOUNDATION MODULE FROM PREVIOUS CASE; = 1, INPUT NEW FOUNDATION MODULE
COLUMN 12 = BLANK, USE STRINGER PROPERTIES FROM PREVIOUS CASE; = 1, INPUT NEW STRINGER PROPERTIES
COLUMN 14 = BLANK, USE PRESSURE GRADIENT FROM PREVIOUS CASE; = 1, INPUTlNEW PRESSURE GRADIENT
COLUMN 16 = BLANK, USE PREBUCKLING DATA FROM PREVIOUS CASE; = 1, INPUT NEW PREBUCKLING DATA

COLUMN 20 = BLANK, ALL BOUNDARY DATA FROM PREVIOUS CASE; = 1, INPUT OR GENERATE BOUNDARY CONDITIONS

ACCORDING TO COLUMN 5 OF TABLE 1
COLUMNS 48-59 = RELATIVE ERROR TOLERANCE (E12.4)

COLUMN 76 = BLANK, K* AND B NOT COMPUTED (STANDARD PREBUCKLING DECK INPUT IF COLUMN 16 = 1);= 1,
K* AND [3 COMPUTED (REQUIRES ENLARGED PREBUCKLING DECK INPUT IF COLUMN 16 = 1)
¢
COLUMN 78 = BLANK, ABORT RUN IF SUBINTERVAL LENGTH CRITERION EXCEEDED

= 1, PRINT DIAGNOSTIC BUT CONTINUE EXECUTION IF SUBINTEKVAL LENGTH CRITERION EXCEEDED



TABLE NO, -

°¢ 2WNOIA

£81

S3T4VI INdNI

1 3 10

/

SHEET B
INITTIAL POSTBUCKLING OF SHELLS OF REVOLUTION

GEOMETRY
WALL PROP,
FOUND, MOD,
STRING, PROP,
PRESS, GRAD,

1-5, INDICATES FIRST ENTRY OF TABLE

9, INDICATES END OF TABLES (ALWAYS REQUIRED FOR
EACH CASE)

v wNe -
L]

4, ARTIFICAL TRANS, CONSTRAINT; = 5, ARTIF., ROT. CONSTR; = 6, ARTIF, TRANS, &
ROT, CONSTR, (TABLE 1, APPLIES ONLY AT 1ST ENTRY OF 1ST OR 2ND SUBINTERVAL)

8,9, SYMMETRICAL RESPONSE (TABLE 1, APPLIES ONLY AT 1ST ENTRY)
BLANK, FORCE FREE BDY.; = 1, INPUT RING DATA; = 2, INPUT [B] & [D] MATRICES,

3, TAKE BOUND, DATA FROM PREV, CASE (TABLE 1, APPLIES ONLY AT 1ST ENTRY OF
EACH SUBINTERVAL & TERMINAL POINT OF SHELL);
4, DOME CLOSURE (TABLE 1, APPLIES ONLY AT SHELL EDGES)

WALL LAYER NO, (<5); INDICATES FIRST ENTRY OF NEW LAYER OR NEW PORTION OF
A DISJOINTED LAYER (TABLE 2)

ENTRY NO, (<100) MUST BE RIGHT ADJUSTED

NOTE: ALL NUMBERS IN COLUMNS 13-72 HAVE FORMAT E12.4

s,E. ,k

2y ap/ax r’EZ)RZaNEA’aP/aY 1" :E12,k3:NEIs'

~ 25 37

1,;, r/RZ’yl’-’ NGJ, - -h,-, Z,-

13 49 61

72

L1 v 003t et tot1e ety et d]rerirgpiipl L1t 111t 1i

NN
NN\
N\
NN

11011111
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INITIAL POSTBUCKLING OF SHELLS OF REVOLUTION

(TO BE USED ONLY IF COLUMN 16, SHEET A, CONTAINS A 1)

NONLINEAR LOAD CARD

A, (FORMAT F12.07)
- - BLANK, DEAD LOADING; = 1, LIVE PRESSURE LOADING

1 J 12

14

SHEET C

bovrne MWL LS LA

NONLINEAR RING STRESS RESULTANT CARDS [FORMAT ¢, 2X,E11.4)]

3 Tp 13 16 T 26 29 Tg 39 42 T 52 55 T 65 68 Ty 78
4
| I O O O I 7!1!!111111 Aljlllllll7JlllLlllll_//lllJ_llllll JLLIlJJIII‘//
/] /] / / / / /1
'NONLINEAR SHELL STRESS RESULTANY CARDS [FORMAT 3(2X,2E11.4)]
3 T 14 Ta G4 27 Ty 38 Ty e 51 T 62 Ty 72
|7 4 ] 7
S T O O I W | lllllllLLL/‘lllllllll L1 e 1 Ll /1111|ll111 I T T T O O O
/ / /1 /
NONLINEAR SHELL ROTATION CARDS [FORMAT 6E12.4]
1 X 13 X 25 X 37 X 49 X 61 X 72
OV O Y O Y Y Ll i i1 41414 1|ll|llll'llllllllllllL j O I llllllllLl7
/]
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(popniou0)) - YIVA ONITIONITId QUVANVIS

LINEAR PERTURBATION RING STRESS RESULTANT CARDS [FORMAT 6(2X,E11.4)]

3 OTp/dM 33 16 JMPON 26 29  IMp/ON 39 42 OTpAX 53 55 OTp/Or g5 g3 /A 75
“ . 4
lIIIIIIlI7IIlllIlJlI llllllllll/ llllllllll/Illlllllllle[lllllll’
Z / / / / Z
LINEAR PERTURBATION SHELL STRESS RESULTANT CARDS [FORMAT 3(2X,2E1l.4)]
3 OT O}, JTM L . RN o JTyON e o TN, JT,/ON o, 7
/ “
T 1O 30 I O I T O O I O /IIIIIIIIII IlIllIlIll/IlIIIIIIII llllllllll%
) g 7
LINEAR PERTURBATION SHELL ROTATION CARDS [FORMAT 6E12,4]
. ,
{1 TN N T T O T T 2 T T T T T 1 T Y Y A A I I Illllllllll////A
;
PRESSURE FIELD CARDS [FORMAT 6E12.4]
1 P 13 P 25 P 37 P 49 P 61 P 72
petrr b ven gt eyt bty il e r e rirg e g e g1yl

7
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INITIAL POSTBUCKLING OF SHELLS OF REVOLUTION

SHEET D
(TO BE USED ONLY IF COLUMNS 16 AND 76, SHEET A, CONTAIN A 1)
RING BENDING MOMENT CARDS [FORMAT 4(2EL0.0/
M hS N M 3M_/d3r M OM_ /3%
1 y 11 aMy/a 21 My 31 BMy/a 41 y 51 y 61 y 71 y/a 80
1
Pt ety bttty e ireyiibg TR EN! NSRRI AN AN NN E AN
SHELL BENDING MOMENT CARDS [FORMAT 2(4E10.0)]
Y OM, /3N
1 ! g MR 21 M 3y Mp/0 i1 M L ML M, 71 OM/Or g4
BEETNERSE NI FE NI NE N RN N AR NN AN A E RN NN NN AN NN A

OND - ORDER PERTURBATION RING STRESS RESULTANT CARDS [FORMAT 6(2X,E11.4)]
2 012 2. a2 2. 2 2. ay2 2. a2 2. ay2
3 9RO 43 4 FTGON 55 9 ITYON 39 4y TN 55 55 TN g5 gg - IT/ON g
4 4 4 / 4
iy 11t idd Litii1 i1 11 ie1 0111 J i it 0t L,( IENEEENENN N RN NN
A / / // /] //
2ND - ORDER PERTURBATION SHELL STRESS RESULTANT CARDS [FORMAT 3(2X,2E11.4)]
2. 32 2. ny2 2. g2 2 .02 2. 2 2. .2
5 O T /X 1 O, by 9T /X 28 0T, /N g gy 9T/ g2 O T,/ o,
y
t1 s i ey iy bt it it Lty et et bt il L g e et dr i eririad //:::///
A A
- 2ND - ORDER PERTURBATION SHELL ROTATION CARDS [FORMAT 6E12.4] )
2
1 N 3 el g5 w31 Pt a Pl 1 N n
IllllllLl¢1lllJl|1|lllllllll-llillJJillllllllIlllllllLllIlljlllllllm

X9

13 OKx ,, STRUCTURAL STIFFNESS CARD [FORMAT 2E12.4]

1
[JJ NN

oo WSS S
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EIGENVALUE CARD

I

(FORMAT F6.0)

INITIAL POSTBUCKLING OF SHELLS OF REVOLUTION

X -\ (FORMAT E12.0)
[+ [o]

= 1, BENDING MODE; = 2, TORSTONAL MODE
[‘ (IGNORED IF n # 0)

SHEET E

(ALWAYS
REQUIRED
FOR EACH
CASE)

Ian//AJ..m .nml’//////////////j///////////////ZI

1

P

11 Q

EIGENVECTOR CARDS [FORMAT 8E10.0]

21 S

n M

41 3

51 7

61 v

71 X 80

INNEERENEN

I NN

ANAENENEE

I |

O YO O o I |

pi 11131t

AL L tl
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Viva ONI¥

INITIAL POSTBUCKLING OF SHELLS OF REVOLUTION

(TO BE USED ONLY IF COLUMN 5, SHEET B, CONTAINS A 1)

NOTE: ALL NUMBERS IN COLUMNS 1-72 BAVE FORMAT El2.4

EA 13 EI, 25 Ely 37 By 49 & 61

SHEET F

of

12
L -- /L
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saoTyIvi [a]anv [€]azaTeosTaa g TANOIa

INITIAL POSTBUCKLING OF SHELLS OF REVOLUTION

(TO BE USED ONLY IF COLUMN 5, SHEET B, CONTAINS A 2)

NOTE: ALL NUMBERS IN COLUMNS 1-48 HAVE FORMAT El12.4

La 11 11t 1 [ W N0 U0 U U TN OO O T N T O T T N O T T O B B

[B] I I I G vrt ottt el v sy gty ety ettt

Lt bt v el vt et e b b e bbbt b1yt gkt

[ O I I N O O it v e g v by st pr ety ey e p bttt

[ N O I I B I PSS Y 0 O U Y U A T T W T U A A N T 0 o O |
[D} Lo v vse v tu oy by p b aaaa i1 sl

[ I A BN S | Ly trvg e bt et g el oer ittt

RN B A I A G O T O I f i e et p et 4t gt

SHEET G
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*6 TANOIA

S

BUCKLING MODE DATA

"NINE" CARD
CASE OPTION CARD
TITLE CARD

1ST CASE PRESCRIBED BOUNDARY DATA CARDS (8 PER BUUNDARY)

RING DATA CARDS (2 PER RING)

BUCKLING MODE DATA

END OF-

OPTIONAL PREBUCKLING DATA FILE CARD

STANDARD PREBUCKLING DATA
3RD CASE

"NINE" CARD

TABLE DATA

BUCKLING

CASE OPTION CARD MODE DATA

TITLE CARD
"NINE" CARD

CASE OPTION CARD

TITLE CARP



PRINT CASE
TITLE

IDONE = O
ITER = O

v

CALL OVERLAY 1 <

1S ALL
BUFFERED DATA
OUT OF CORE?

CALL OVERLAY 2

FIGURE 10. FLOW CHART OF MAIN

" NASA-Langley, 1970 — 32 CR-1801 191



